Challenges and Solutions for Educating Clinicians in Contemporary Evidence-Based Practice by Albarqouni, Loai
Bond University
DOCTORAL THESIS







Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.
i 
Challenges and Solutions 




Centre for Research in Evidence Based Practice 
Faculty of Health Sciences and Medicine  
A thesis submitted in total fulfilment of the requirements of the degree of 
Doctor of Philosophy (PhD) 
Professor Paul Glasziou & Professor Tammy Hoffmann 
April 2019 






Evidence-based practice (EBP) provides a framework for integrating the best research 
evidence with clinical expertise and patient’s unique values and preferences in the delivery 
of health care. EBP is necessary for improving the quality of health care as well as patient 
outcomes. EBP is commonly integrated into the curricula of undergraduate, postgraduate, 
and continuing professional development health programs. Despite the established 
interest in EBP as a core competency for clinicians, clinicians frequently do not use 
research evidence to inform clinical decisions in practice.  
Aims  
The overall aim of this thesis is to facilitate improved translation of EBP educational 
interventions into clinical and educational practice. To fulfil this objective, two main 
research issues were explored: (i) the quality of the current published EBP educational 
interventions; and (ii) efforts to improve the quality and the uptake of EBP education in 
practice.   
Methods and Results  
Five interrelated studies were conducted using a variety of research methods to 
investigate five specific research question to address the thesis main objective. 
Firstly, a systematic review of controlled studies that had evaluated EBP educational 
interventions was conducted to examine the completeness of reporting of EBP educational 
intervention details in published studies (Study 1). A standardised template was used to 
assess the completeness of reporting of intervention details in included studies. This study 
found substantial deficiencies in the reporting of EBP educational interventions, with none 
of the included studies completely reporting all of the essential intervention details that 
are required for their replication and/or implementation. ‘Intervention materials’ was the 
most poorly reported item, with details provided in the original publication in only 4% of 
the included studies - this increased to 25% after study authors were contacted and asked 
to provide missing information.  
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The next study (Study 2) examined the differences in the EBP content covered and 
outcome measures used in evaluating the EBP educational interventions that were 
identified in the studies included in the review that was in Study 1. Data on the content of 
the intervention (i.e. the coverage of the five EBP steps: ask, acquire, appraise, apply, and 
assess), the outcome measures used, and the properties of instruments used in evaluating 
EBP educational interventions.  This study found that the majority (74%) of the included 
studies focused on teaching critical appraisal of evidence (EBP step 3), often to the 
exclusion of other steps (EBP step 4: evidence implementation in particular). Furthermore, 
Study 2 found that only 25% of the instruments used in the included studies were high-
quality (which was defined as having achieved ≥3 types of established validity evidence).  
To overcome the previously shown variations in the EBP content covered in EBP 
educational interventions, Study 3 followed a rigorous multistage modified Delphi process 
to develop an international consensus set of EBP core competencies that clinicians should 
achieve and should inform the development of EBP curricula for clinicians. The set of 68 
EBP core competencies was developed in four stages: (i) generation of an initial set of 
relevant EBP competencies derived from a systematic review of EBP education studies for 
clinicians; (2) a two-round, web-based Delphi survey of clinicians, selected using purposive 
sampling, to prioritise and gain consensus on the most essential EBP core competencies; 
(3) consensus meetings, both face-to-face and via video conference, to finalise the 
consensus on the most essential core competencies; and (4) feedback and endorsement 
from EBP experts.  
Study 4 examined the types of the clinical questions asked by general practitioners (GPs) 
in a large professional social media network, along with whether evidence was cited in 
their answers. It comprised an analysis of the clinical questions (including the clinical topic 
and type of the questions) and answers (including if referred to a published relevant 
evidence resource) posted between January 20th and February 10th 2018 on a popular 
GP-restricted (Australia, New Zealand) Facebook group. A key finding of Study 4 is that 
most clinical questions asked were about a limited number of clinical topics and question 
types (i.e. treatment and diagnosis), which was useful to inform the development of the 
final study.  
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Finally, using the knowledge gained from the previous studies, a new approach to teaching 
EBP, which focuses on shared decision making (SDM) and the use of pre-appraised 
evidence was developed and piloted (Study 5). Skills in SDM and communicating evidence 
were assessed by audio-recording consultations between participant clinicians and 
standardised patients (immediately pre- and post-workshop) and rated by two 
independent assessors using standardised reliable tools (i.e. the OPTION, Observing 
Patient Involvement, 0-100 points; and ACEPP, Assessing Communication about Evidence 
and Patient Preferences, 0-5 points). This study showed that a half-day contemporary EBP 
workshop was feasible and associated with a small increase in clinicians’ skills in SDM and 
communicating research evidence from pre to post the workshop (mean increase in 
OPTION score = 5.5, 95% CI 1.0 to 9.9; increase in ACEPP = 0.5, 95% CI, 0.02 to 1.06).  
Conclusions and Implications 
The findings of these studies highlight that inadequate reporting of EBP educational 
interventions, along with the inconsistent coverage of the EBP topics and infrequent use 
of high-quality instruments to measure the effect of EBP education in existing studies, 
presents a considerable challenge for translating evidence into practice. The consensus-
based, contemporary set of EBP core competencies, that was developed as part of this 
thesis, will contribute to harmonising the variations in the content of EBP education with 
possible subsequent future effect on the outcomes that are measured. The results of the 
before-after pilot study suggest that a contemporary approach to EBP teaching, with a 
focus on teaching SDM skills and the interpretation of pre-appraised research evidence 
was feasible, acceptable to clinicians, and showed a small increase in clinicians’ skills in 
SDM and communicating evidence.  
The findings of this thesis also led to some recommendations for area needing 
improvement: (i) better reporting of intervention details in EBP educational studies in 
published studies; (ii) establishment of a repository of freely-available EBP learning 
resources; (iii) development of a set of core outcome measures for EBP educational 
studies; and (iv) integration of the set of EBP core competencies into EBP curricula for 
clinicians and student clinicians.  
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Although many challenges and gaps still remain, collective efforts in the research 
conducted as part of this thesis offer important recommendations that may facilitate the 
delivery of quality EBP education for clinicians. 
Keywords 
Evidence-based practice; shared decision making; evidence-based medicine; competency-
based education; pre-appraised evidence; teaching materials, evidence implementation 
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We do not learn from experience …   
we learn from reflecting on experience  
 John Dewey  
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CHAPTER1: General Introduction 
3 
CHAPTER1: General Introduction 
1.1 Background 
Evidence-based practice (EBP) provides a framework for integrating the best research 
evidence with clinical expertise and patient values and preferences in the delivery of health 
care1-3.  As the research base continually expands, EBP also emphasises how important it 
is that clinicians adopt lifelong learning skills. 
Since it was coined in 1992, EBP has increasingly became a core component of the 
undergraduate, postgraduate, and continuing education health programs curricula 
worldwide for all health disciplines4-6. An evidence-based approach to health care is now 
commonly recognised by national and international health care communities and 
professional bodies as a core competency for clinicians necessary for the improvement of 
the quality and safety of health care4,5,7-9. 
Despite the established interest in EBP as a core competency for clinicians, clinicians 
frequently do not use research evidence to inform clinical decisions in practice10,11. The 
uptake of research evidence that should change practice is often slow, inconsistent, and 
incomplete, resulting in avoidable suffering of patients and inefficiencies in health 
systems12,13. 
Therefore, considerable efforts and resources have been focused on EBP education on the 
assumption that more effective EBP education may assist in improving the translation of 
evidence into practice.  Although, this has resulted in a slow accumulation of the evidence 
for how to effectively teach EBP6, the evidence evaluating the effect of EBP educational 
interventions remains suboptimal. Hatala and Guyatt highlighted this:  
“the quantity and quality of the evidence for effectively teaching EBM are poor. Ironically, if one were 
to develop guidelines for how to teach EBM based on these results, they would be based on the lowest 
level of evidence”14. 
Therefore, there is a need to examine the causes of, and potential solutions for, the 
inadequate uptake of EBP educational interventions in practice. 
1.2 Objective of this thesis 
The overall aim of this thesis is to facilitate improved translation of EBP educational 
interventions into practice. To fulfil this objective, this thesis explored two main research 
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issues: (i) the quality of the current published EBP educational interventions; and (ii) efforts 
to improve the quality and the uptake of EBP education in practice.   
1.3 Research Questions 
This thesis sought to investigate the following five specific research question to address 
the thesis main objective.  
1- How complete is the reporting of intervention details in published EBP educational
studies?
2- In studies which have evaluated EBP educational interventions, what EBP content is
covered and what outcome measures are used?
3- What are the core competencies in EBP that clinicians should achieve and should be
covered within that EBP educational interventions?
4- What are the types of clinical questions asked by general practitioners (GPs) in a
large professional social media network and is evidence cited in their answers?
5- Is a new approach to teaching EBP, which focusses on shared decision making (SDM)
and the use of pre-appraised evidence, feasible and acceptable to clinicians? and is it
effective at improving clinicians’ SDM and evidence communication skills?
1.4 Outline of the thesis 
This thesis consists of four parts. Part I (Chapter 1) contains the general introduction and 
thesis outline. Part II (Chapter 2) contains a thorough literature review of the evolution of 
EBP, discusses common criticism to EBP, and highlights the key gaps in the literature 
addressed in this thesis.  
Part III (Chapter 3-7) contains five chapters, with each representing a research study 
investigating one of the five specific research questions. These five research studies are 
independent but interrelated studies. Four of these chapters (Chapter 3-6) comprise 
research studies which has already been published in peer-reviewed journals, and the 
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publication in a peer-reviewed journal. Each of these chapters is prefaced by a statement 
highlighting the context of the study within the broader scope of the thesis.   
Part IV (Chapter 8) is a general discussion, which summarises the main findings of this 
thesis and provides answers for the five specific research questions stated Chapter 1. In 
addition, practical recommendations and implications for future research are discussed. 
Chapters outline 
Chapter 2 introduces the definition of and rationale for EBP, discusses some of the 
common criticism of it, reviews the literature on EBP education, and highlights challenges 
and research gaps in EBP education.   
Chapters 3 and 4 focus on analysing the current research evidence for EBP educational 
interventions. Chapter 3 (Study 1) assesses the completeness of the reporting of EBP 
educational interventions in published studies. Chapter 4 (Study 2) systematically 
evaluates the coverage of the five EBP steps (i.e. ask, acquire, appraise, apply, and assess), 
examines the outcome measures used, and assesses the properties of the instruments 
used in evaluating EBP educational interventions. Chapter 5 (Study 3) describes the steps 
to develop a consensus statement of the most essential core competencies in EBP that 
should inform the development of EBP curricula for clinicians. Chapter 6 (Study 4) 
characterises the clinical questions and evidence used in answers posted to a large well-
used GP Facebook network. Chapter 7 (Study 5) develops and pilots a new contemporary 
approach to teaching EBP, which has a focus on SDM and the use of pre-appraised 
evidence. 
While a discussion of each individual study’s findings can be found within each chapter, 
Chapter 8 draws these findings together to address the original five research questions 
and overall objective of this thesis. It also situates these findings in the wider context of 
EBP education by providing recommendations for the practice of EBP education and 
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Chapter 2  
EBP and EBP Education 
a review of current literature 
 
  
The more you own, the more you know you don't 
own. 
 Aristotle Onassis 
 
 8 




     CHAPTER 2: EBP and EBP Education 
This chapter is organised in three sections. Section I introduces the definition and history 
of EBP, discusses the rationale for EBP, and summarises some of the common criticisms of 
EBP. Section II reviews the published literature on EBP education including the 
effectiveness of and strategies for EBP education. Section III identifies the key challenges 
and research gaps in EBP education literature and concludes with this thesis research 
objectives.   
2.1 Evidence-Based Practice  
What is EBP? 
“A NEW paradigm for medical practice is emerging. Evidence-based medicine de-emphasizes intuition, 
unsystematic clinical experience, and pathophysiologic rationale as sufficient grounds for clinical 
decision making and stresses the examination of evidence from clinical research. Evidence-based 
medicine requires new skills of the physician, including efficient literature searching and the 
application of formal rules of evidence evaluating the clinical literature.” – Guyatt, 1992 
This is the first paragraph of the paper entitled “Evidence-Based Medicine. A New 
Approach to Teaching the Practice of Medicine” that announced evidence-based medicine 
(EBM) to the wider medical community in 19921.  
Although the term evidence-based medicine was first coined in an editorial in 19912, the 
idea and concept tracked back to at least 1970s, when Archie Cochrane, the then director 
of the Medical Research Council Epidemiology Research Unit in Cardiff, expressed these 
ideas in his book “Effectiveness and Efficiency: Random Reflections on Health Services”3. 
In 1980s, David Sackett and David Eddy developed initial evidence-based rules for guiding 
clinical decisions4,5, and published a series of articles in the Canadian Medical Association 
Journal titled “How to read clinical journals”6, which provide guidance on how to critically 
appraise clinical articles of various types such as treatment, diagnosis, and prognosis.  
A decade after the launch of EBM, an international EBM working group updated the 
definition of EBM to: “Evidence-based medicine is the integration of the best research 
evidence with clinical expertise and patient values”7. Even though the definition proposed 
by David Sackett and his colleagues was originally directed to the medical profession, other 
health professions have adopted it in their professions. In 2003, international experts in 
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evidence-based health care proposed the term evidence-based practice (EBP) to reflect 
the wide diverse of professions adopting the principles of EBP8. 
Components of EBP 
There are three essential components of EBP (Figure 2.1): 
1- Best research evidence refers to the most rigorous, patient-centred, and clinically 
relevant evidence that addresses a specific clinical question. Since not all evidence is 
the same, recent well-conducted systematic reviews and meta-analyses are at the top 
of the evidence pyramid and expert opinions and beliefs are at the bottom.  
2- Clinical expertise refers to the clinicians’ ability to use their cumulated experience, 
skills and education to identify the health status of each patient, search for and 
critically appraise the evidence, communicate the harms and benefits of any potential 
intervention, and engage each patient into decision-making process9. 
3- Patient’s values and preferences refer to the unique preferences, concerns and 
expectations of each informed patient that should be considered as part of the clinical 
decision-making process10.  
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Why is EBP important? 
Evidence to Practice Gaps 
Clinicians frequently do not use research evidence to inform clinical decisions in 
practice8,11, resulting in gaps between what is known (research findings) and what is 
practised (clinical practice)12. The presence of published research evidence is necessary 
but not sufficient alone to guarantee the translation of research evidence into practice13. 
The uptake of research evidence that should result in changes to practice is often slow, 
inconsistent, and incomplete, resulting in avoidable suffering of patients and inefficiencies 
in health systems14,15. This often results in three types of preventable inappropriate care: 
underuse of high-value care (i.e. the failure to deliver needed services); overuse of low-
value care (i.e. continuing delivery of unnecessary services); and misuse (or error) in 
delivering care. There are many examples of the delay in evidence implementation – for 
example the discordance and delay between textbook recommendations and evidence 
from trials of treatment for cardiovascular diseases16, and the advice to rest in bed for 
patients with any medical condition18.  
Glasziou and Haynes have described the path from research evidence to improved patient 
outcomes as a ‘research-to-practice pipeline’ (Figure 2.2)14. 
 
Figure 2.2. The leaky “evidence to practice” pipeline (Glasziou and Haynes’s article14)  
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Empirical vs. pathophysiological reasoning  
EBP emphasises that clinical practice should be based on the best available empirical 
research evidence rather than pathophysiological theories and mechanisms (i.e. the 
underlying causes of health and pathophysiological mechanisms of diseases as the basis to 
claim the effectiveness of an intervention)19,20. The problem with mechanistic reasoning 
lies in the incomplete understanding of the pathophysiological mechanisms, and the 
complicated, even paradoxical, behaviour of most mechanisms19. There are many 
examples in which mechanistic reasoning has been discredited. One example is the advice 
about how to position babies at sleep time to prevent sudden infant death syndrome 
“SIDS” (a record-breaking bestseller 1960s book, ‘Dr. Spock’s Baby and Child Care’, advised 
parents to put their babies to sleep prone to reduce the risk of sudden death, however, 
this might have led to thousands of avoidable sudden deaths21). Another is the use of 
antiarrhythmic drugs after heart attacks (antiarrhythmic drugs have been widely used to 
reduce sudden death after heart attacks based on the proposed pathophysiological 
mechanism of sudden death after a heart attack. However, empirical evidence found that 
antiarrhythmic drugs unexpectedly increase rather than decrease death after heart 
attack22). 
The growth of medical information and clinicians’ workload 
There is an exponential growth of published biomedical literature with almost 3000 
references being added to PubMed each day23. However, only a small fraction is 
considered relevant and valid enough to change the practice24. Clinicians would have to 
read an average of 19 journal articles every day to keep up-to-date in their specific 
field25,26. Thus, keeping up-to-date is a challenging task for already overloaded clinicians 
who cannot rely only on information they had learnt in medical schools to provide patients 
with optimal care. EBP instils a culture of lifelong learning through encouraging clinicians 
to seek out, critically analyse, and interpret the best research evidence for clinical decision 
making. Further, EBP supports clinicians by synthesising and summarising this flood of 
information into up-to-date point-of-care evidence summaries which can be accessed 




     CHAPTER 2: EBP and EBP Education 
EBP might improve patient outcomes 
The most important rationale for the EBP is that it ‘works’ – that is, it improves patients’ 
outcomes. In an observational study of the organisational changes of the internal medicine 
department in a Spanish hospital, Emperanza et al. reported reductions in both mortality 
rates and length of hospital stay in patients treated in an EBP unit compared to patients in 
a standard unit over 7 years (2004-2011)27. Further, the Academy of Medical Royal 
Colleges in the United Kingdom presented fifteen case studies (e.g. improving the quality 
of life of breast cancer patients, public health policy on smoking, and quicker recovery after 
surgeries)28 to demonstrate that EBP is the basis for the extraordinary improvements in 
life expectancy and quality of life. Although these would be considered as ‘weak’ evidence 
to attest that EBP improves patient outcomes, EBP is considered a complex intervention 
(not a simple intervention) that cannot be evaluated in the same way as a pharmacological 
intervention, such as a tablet or injection29. 
Steps of EBP 
There are three different modes of incorporating evidence into practice: (i) Doing mode 
(i.e. suitable for conditions encountered frequently with little or no time-constraints; 
clinicians complete all the aforementioned steps of EBP), (ii) Using mode (i.e. suitable for 
less common conditions or rushed clinical situations; clinicians use pre-appraised evidence 
and eliminate the appraisal step), and (ii) Replicating mode (i.e. clinicians replicate the 
practice of more trusted evidence-based practitioners)30.  
These are a number of main steps that a clinician needs to follow to deliver evidence-based 
healthcare as shown in Figure 2.38:  
1. Recognise personal knowledge gap and uncertainties. Without this very early step, 
clinicians can hardly engage in EBP. However, there is limited evidence about the best 
way to expose personal uncertainties and knowledge gaps (e.g. rewarding those who 
admit ignorance instead of treating it as a failure)31.  
2. Step 1 (ASK): Convert uncertainties into an answerable structured clinical question. An 
essential step in EBP is to convert a clinical problem or scenario into an answerable 
well-formulated clinical question. The ‘PICO’ framework is widely used to formulate 
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clear and focused clinical questions. The letters in the acronym stand for Patients (the 
patient/population or problem being addressed); Intervention (the intervention or 
exposure being considered); Comparison (the comparator intervention or exposure); 
and Outcome (the outcome of interest). A systematic review found that using the PICO 
approach helped learners to improve the quality of their clinical questions and 
subsequently practise EBP32. 
 
 
Figure 2.3. The steps of evidence based practice 
3. Step 2 (ACQUIRE): Find the best available evidence that is pertinent to the clinical 
question. The next step after formulating a structured clinical question is tracking 
down the best research evidence that answers that specific question. There are 
several evidence-based resources and databases such as PubMed Clinical Queries. 
Advice from an information specialist or a librarian can be valuable in this step. A 
stepwise approach based on the hierarchy of evidence (6S Pyramid) is recommended 
to find the best available evidence. The evidence pyramid shown in Figure 2.4 
classifies evidence sources based on their quality and applicability into six levels: 
studies, synopses, synthesis, synopses of synthesis, summaries, and systems33,34. 
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Figure 2.4. One example of a hierarchy of the evidence: The 6s Evidence Pyramid34 
4. Step 3 (APPRAISE): Critically appraise the retrieved evidence for validity, clinical 
relevance, and applicability. After obtaining the evidence, the next step is to critically 
appraise the evidence to determine the trustworthiness and applicability of the results 
to inform the clinical practice. Several checklists (e.g. RAMbo for randomised 
controlled trials, RCTs35) have been developed to help clinicians appraise the evidence 
and determine if the evidence is good enough to help in the clinical decision.  
5. Step 4 (APPLY): Apply the appraised evidence to the patient in clinical practice. Once 
evidence has been appraised and found to be relevant, valid, and important, then the 
question is whether this evidence applies to the individual patient. The patient’s 
values and circumstances should be taken into account during the decision-making 
process. Evidence regarding the benefit and harms of the various available options 
should be clearly communicated to and discussed with the patient so that he/she can 
be supported to make an informed decision - this process is known as shared decision 
making (SDM).  
6. Step 5 (ASSESS): Evaluate the efficiency and performance with which the 
abovementioned steps were carried out and strategies to improve. It is important for 
the clinician to evaluate their performance of the EBP process at frequent intervals to 
identify which of these steps are being performed well and which need to be refined.  
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Common criticisms of EBP 
In the decades following the conception of EBP, persistent criticism and polarised debates 
have occurred over a few issues, but never against the use of reliable evidence in effective 
decision making11,36. Straus et al classified the most common criticism of EBP as limitations 
either universal to the practice of medicine or unique to EBP and misperceptions of it36 
(Table 2.1).   
Table 2.1 Classification of the common criticism of EBP36.   
Limitations 
Universal to the practice of medicine 
Limited availability of coherent consistent scientific evidence.  
Difficulties in applying evidence to the care of individual patients 
Barriers to the practice of high-quality medicine 
Unique to the practice of EBP 
The need to develop new skills related to EBP 
Limited time and resources 
Misperceptions 
EBP ignores patient’s values and preferences 
EBP promotes a cookbook approach to medicine 
EBP leads to therapeutic nihilism in the absence of high-quality evidence from RCTs 
EBP denigrates clinical experience 
 
Reductionism of the definition of evidence and evidence hierarchy 
EBP opponents argue that the definition of evidence in EBP is narrow and simplistic. For 
instance, it has been argued that evidence from RCTs is not always superior to evidence 
derived from observational studies regarding the effect of a treatment (i.e. small-scale 
biased RCT versus large-scale well-controlled observational study)37,38. EBP proponents 
acknowledge the limitations of the proposed hierarchies of evidence which largely focus 
on study design, and have admitted that RCTs are not immune to bias, and therefore 
should not automatically be labelled as high-quality evidence without quality 
assessment39.  This has led to the development of a new approach for rating the quality of 
evidence and the strength of recommendations – GRADE (The Grades of 
Recommendation, Assessment, Development and Evaluation)40. GRADE provides a more 
sophisticated framework that not only allows for the limitations in the evidence derived 
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from RCTs but also recognises the potential for observational studies to provide high-
quality evidence (e.g. definitive casual evidence between smoking and lung cancer)41.   
Overemphasis on following algorithmic rules ‘cookbook medicine’  
Opponents argue that EBP emphasises on the use of research evidence (e.g. algorithmic 
clinical rules) and clinical practice guidelines. Opponents believe that the incentivisation 
for clinicians to strictly adhere to these guidelines (e.g. using quality metrics derived from 
guideline recommendations to judge the quality of care42,43) has resulted in neglect of the 
personal humanistic nature of healthcare and a shift in focus away from individuals11. 
Further, arguments have been that applying evidence derived from RCTs to individual 
patients remains problematic (for example, because of the increasing prevalence of multi-
morbidity and ageing population)44. EBP proponents rebut that EBP puts great emphasis 
on individuals and patients, which can be clearly manifested by championing the 
development and progress of shared decision making (i.e. the process of the clinician and 
patient jointly participating in a health decision after discussing the options, the benefits 
and harms, and considering the patient’s values, preferences, and circumstances)45.  
Distortion of the ‘evidence-based’ brand by vested interest 
Another criticism of EBP is that it has been hijacked by vested interests. For example, 
vested interests can influence setting the agenda of health research  through medicalising 
conditions (e.g. ‘female sexual arousal disorder’ and promoting sildenafil as a treatment 
for it46) and creating pre-disease states (e.g. low bone density ‘osteoporosis’ and 
advertising for a treatment for it - ‘alendronate’47). EBP opponents also argue that the 
majority of influential clinical trials were conducted by researchers with vested interests, 
which may be resulted in biased findings, due to: (i) overpowering clinical trials to ensure 
that even small clinically, not important, differences are statistically significant; (ii) devising 
the eligibility criteria to ensure the maximum response to the treatment; (iii) using short-
term surrogate outcomes; (iv) selective reporting of trials with positive findings, and (v) 
spinning the message such as using relative risk reduction to show a very small effect as a 
major practice-change finding. EBP advocates acknowledge this criticism, but argue that 
EBP had provided clear guidance for critically appraising studies to detect misleading study 
designs and interpretations41.   
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Barriers to EBP  
Recent systematic reviews have identified that the sub-optimal practice of EBP can be 
attributed to various barriers including clinician-related, system-related, patient-related, 
and research-related barriers15,48,49.  
Clinician-related  
Lack of EBP knowledge and skills has been commonly reported as the main barrier to the 
use of EBP in practice48. Clinicians frequently report that they have insufficient EBP 
training, and lack of skills in searching and appraising research evidence48. Further, 
clinicians’ negative attitudes towards EBP can influence the use of it. This can include 
negative beliefs about the usefulness of EBP, threats to professional autonomy, the rigidity 
of the evidence, and lack of motivation to change behaviour. Swennen et al. conducted a 
systematic review and thematic analysis of 30 qualitative studies which had explored the 
medical doctors’ perception and use of EBP50. An identified barrier is clinicians’ perception 
of EBP as ‘evidence-dominated clinical decisions’ with little attention to their clinical 
expertise, autonomy, or professional reputation50.    
System-related  
Inadequate infrastructure for information retrieval (e.g. limited access to research 
evidence or decision support tools), high patient and office workload (e.g. due to 
workforce shortage), and lack of mentors and clinical role models are frequently reported 
organisational barriers to the use of EBP50. Lack of time is one of the most commonly 
reported barriers to the implementation of EBP since clinicians feel that searching and 
critically appraising the best evidence is a time-consuming task and they are already busy 
with clinical practice routine51. Clinicians also express that short consultation duration is 
an important barrier to the implementation of research evidence with each patient52. The 
systematic review mentioned above (by Swennen et al.) identified that respectful safe 
communication and a culture of shared learning across career stages and medical 
disciplines are important facilitators of EBP. Medical doctors have also reported that a 
strong hierarchical order may create a barrier to the ability to change clinical routines, 
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Patient-related  
Patients’ values and preferences are one of the core components of EBP, however, they 
can also be one of the barriers to the use of the best available evidence. This happens 
when patients are disengaged with clinicians. Therefore, clinicians find it difficult to 
reconcile patient preferences with the best available evidence49. 
Research evidence related  
“Research evidence” itself can also be a barrier to the implementation of EBP. This can be 
through lack of sound evidence or evidence of adequate quality, contradictions in the 
findings of the available evidence, and issues related to the applicability and 
generalisability of research findings)48. 
Although, EBP education (or lack thereof) is just one of numerous barriers to evidence 
translation (as described previously), the focus of this thesis is on EBP education with the 
assumption that more effective EBP education may assist in improving the translation of 
evidence into practice.     
2.2 EBP education 
The need for EBP teaching  
Clinical knowledge is thought to accumulate over time and with experience. However, a 
systematic review of 62 studies found that clinical performance and competencies 
deteriorated over time53.  A commitment to lifelong learning and keeping up-to-date must 
be an integral foundation of ethical clinical practice. Given the phenomenal growth of the 
biomedical literature, skills in separating the trusted evidence “wheat” from the unreliable 
“chaff” have become as essential as being able to use a stethoscope 54.   
“the search engine is now as essential as the stethoscope …       
 … a 21st century clinician who cannot critically read a study is as unprepared as 
one who cannot take a blood pressure or examine the cardiovascular system”54  
The Lancet commission report “Education of health professionals for the 21st century” 
emphasised the need for transformative healthcare education and called for a shift “from 
memorisation of facts to critical reasoning that can guide the capacity to search, analyse, 
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assess and synthesise information for decision-making”, which aligns with the principles 
and steps of EBP55. The USA National Academy of Medicine (formerly the Institute of 
Medicine), an independent, non-governmental, non-profit organisation that provides 
advice, counsel, and independent research on major topics in health care, has also 
recognised the great potential role of EBP in improving the quality and safety of health 
care56 and endorsed EBP as one of the main five competencies that every clinician needs57. 
Health professional bodies and accreditation councils (e.g. Accreditation Council for 
Graduate Medical Education and Association of American Medical Colleges in the United 
States, and General Medical Council and Academy of Medical Royal Colleges in the United 
Kingdom) have called for the integration of EBP in the curricula of undergraduate, 
postgraduate, and continuing healthcare education and require all health professionals to 
be competent in EBP for accreditation and licencing purposes58,59.  The influence of EBP 
has been widely recognised both in academia (as one of the 15 modern medicine’s greatest 
milestones and intellectual achievements since 184060,61) and beyond (as one of best ideas 
of the year 2001 in the New York Times62). 
EBP offers evolving heuristic principles for optimising clinical practice that can address the 
challenges presented in Section 2.163: (i) evidence (defined as any empirical observation 
or report of a symptom or mental state constitutes potential evidence, whether 
systematically collected or not64) is not all equal and clinical decisions should be informed 
by the best available evidence; (ii) clinical decisions are best informed by evaluating the 
totality of the evidence (e.g. systematic reviews); and (iii) evidence is necessary, but not 
sufficient alone, for clinical decisions which require the integration of patients’ values and 
preferences as well as the consideration of the circumstances of the health system (e.g. 
whether the intervention is available and affordable or not).      
EBP education: What is effective? 
In response to the need for EBP training, medical and health science faculties and 
postgraduate training programs have increasingly integrated EBP teaching in their 
healthcare curricula65,66. EBP educators offer workshops, educational meetings, and 
courses to cover the increasing demands for EBP learning opportunities. 
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However, despite the widespread popularity of teaching EBP, little is known about the 
effectiveness of different EBP educational interventions67.  An overview of 16 systematic 
reviews which assessed the effectiveness of EBP teaching included a total of 81 primary 
studies: 34 studies included student clinicians and 47 clinicians; 34 were RCTs, 22 non-
randomised controlled trials, and 34 were before-after studies68.  Authors of the overview 
found that multifaceted clinically integrated EBP educational interventions (i.e. which 
include a combination of lectures, small group discussions, journal clubs, real clinical 
scenarios, and computer lab sessions) were more likely to improve EBP knowledge, skills, 
attitude and behaviour than a single stand-alone intervention. However, this was based 
on studies of varied methodological quality. Similar, Coomarasamy and Khan reviewed 23 
studies which compared the effect of standalone versus clinically integrated EBP teaching 
for postgraduates. They found that standalone teaching improved knowledge but not 
skills, attitudes, or perceived behaviour, while clinically integrated teaching improved all69. 
However, a cluster RCT of 82 general practitioner trainees to evaluate a clinically 
integrated EBP educational intervention, found that a clinically integrated EBP educational 
intervention, compared to a standalone intervention, did not improve the EBP behaviour 
(i.e. guideline adherence and information-seeking behaviour), attitude, or knowledge of 
trainees70. 
Do EBP educational interventions change clinicians’ behaviour and improve patients’ 
outcomes? 
Few studies have evaluated the impact of EBP educational interventions on the behaviour 
of practising clinicians, let alone patient outcomes. Straus et al evaluated the effect of a 
multicomponent EBP educational intervention (including EBP training, EBP textbook, and 
provision of evidence-based resources) on the EBP behaviour and the uptake of research 
evidence (i.e. interventions proven to be beneficial in RCTs or systematic reviews) among 
47 medical doctors in a general hospital. They found that the intervention improved the 
EBP behaviour and increased the uptake of research evidence (i.e. 62% of interventions 
given to 239 patients in the month after the EBP intervention were evidence-based 
compared to 49% to 244 patients in the month before the intervention)71. However, Shuval 
et al. conducted a controlled before-and-after trial to examine the impact of an EBP 
educational intervention on 70 family doctors' test ordering performance and drug 
 
 22 
     CHAPTER 2: EBP and EBP Education 
utilization by their patients. Unlike Straus et al, they did not find an improvement in 
clinicians’ EBP behaviour (i.e. test ordering performance and patients’ drug utilisation - 
which are quality of care indicators)72,73, which might be attributed to the difference in the 
nature of the interventions. A recent systematic review of 15 studies evaluated the effect 
of EBP teaching on medical doctors had found that EBP teaching can lead to short-term 
improvement in EBP knowledge and skills. However, there is a little research evidence 
about long-term effect on improvement in EBP knowledge, skills, and behaviour, as well 
as patient outcomes74. Similar, a systematic review of 13 studies evaluating the effect of 
EBP educational interventions among health professionals found that EBP educational 
interventions improved EBP implementation behaviours, however, this behaviour was 
self-reported, and thus the objective impact of EBP educational interventions was not 
measured75.         
Strategies for teaching EBP 
Interactive vs. didactic EBP educational interventions 
EBP educational interventions can be delivered in didactic sessions (i.e. a teacher-centred 
approach where a teacher gives a lecture and students are mostly passive listeners), 
interactive (i.e. a student-centred approach which may involve small-group discussion or 
exercises, role play, practical skills), or mixed sessions. A systematic review of the methods 
of EBP teaching identified that there were no major differences across different teaching 
approaches including interactive, didactic, workshops, small-group discussion, and self-
directed learning76. Buchanan et al. conducted an RCT to evaluate the effect of an 
interactive EBP educational intervention compared to a didactic intervention on the EBP 
knowledge, attitude, and behaviour of 56 occupational therapists77. Authors found that an 
interactive EBP educational intervention had a similar effect to a didactic intervention77. 
However, a systematic review and a meta-analysis of the impact of 17 educational 
interventions on clinicians’ behaviour or health care outcomes, found that interactive and 
mixed, but not didactic, educational interventions were effective in changing behaviour78.  
E-learning vs. face-to-face EBP educational interventions 
E-learning technologies are increasingly used in health education since it potentially allows 
learners to have control over the time, place, order, pace and depth of the educational 
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materials to fulfil their educational needs79. Two RCTs comparing the effectiveness of e-
learning and face-to-face EBP educational interventions reported no significant differences 
between e-learning only programs and face-to-face EBP training on EBP knowledge, skills 
and attitude 80-82. This was also shown in a recent systematic review of EBP teaching 
methods76. Online (or blended) health educational interventions were found to be as 
effective as face-to-face interventions in some systematic reviews in nursing83, allied 
health professionals84,85, and medical professionals79,86,87. Further, online (or blended) 
educational interventions have been found to have higher satisfaction rates among 
trainees88.  
Are Journal clubs effective in EBP education? 
A journal club is a well-organised interactive strategy to keep up-to-date with relevant 
evidence. It was started by Sir William Osler in 1875 and defined as “a group of individuals 
who meet regularly to discuss the clinical applicability of articles in current medical 
journals”89. Despite its widespread popularity as a mean of continuous education and 
keeping up-to-date with advances in knowledge, the effectiveness of journal clubs in 
improving the dissemination of EBP concepts has not yet been established.  A systematic 
review of 18 studies which evaluated the impact of journal clubs in supporting evidence-
based decision-making showed that journal clubs might improve the reading behaviour, 
critical appraisal skills and application of research findings in clinical practice, however, the 
evidence is heterogeneous (e.g. assessment measures, components of interventions, size 
and frequency of journal club) and of low quality (e.g. studies inadequately designed and 
poorly conducted, and intervention details inadequately reported)90. A recent cluster RCT 
exploring the impact of implementing structured journal clubs for allied health 
professionals found that journal clubs had a positive self-perceived influence on clinical 
practice and the role of an academic facilitator and the consistent use of critical appraisal 
tools were appreciated91. However, the long-term sustainability of journal clubs is 
dependent on many factors (e.g. individual and organisation level factors)92,93. This was 
also highlighted by a systematic review of seven studies evaluating EBP educational 
interventions (involving journal clubs) among surgery residents, which found that the use 
of critical appraisal checklists and review of methodological/epidemiological articles are 
appreciated activities within journal clubs94. Therefore, journal clubs may need to be 
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integrated with other implementation strategies to enhance behaviour changes in 
practice95.  
Hierarchy of effective EBP educational interventions 
Kahn and Coomarasamy developed a hierarchy of effective EBP educational interventions 
based on evidence from a systematic review combined with some theoretical 
considerations96.  The hierarchy, shown in Figure 2.5, has interactive and clinically 
integrated activities at the top, then the interactive but classroom-based activities, 
followed by didactic but clinically integrated activities, and finally at the bottom, didactic 
classroom or standalone teaching. 
 
Figure 2.5. Hierarchy of EBP teaching 
 
2.3 EBP education: Challenges and research gaps 
Since the development of the principles of EBP in the 1990s, EBP has been widely 
disseminated to clinicians, incorporated into both undergraduate and postgraduate health 
education curriculum, and become a core competency needed by clinicians. However, 
evidence for the effectiveness of EBP educational interventions lacks in many ways97. 
Hatala and Guyatt described this as:  
“Although evaluation of the quality of research evidence is a core competency of EBM, the quantity 
and quality of the evidence for effectively teaching EBM are poor. Ironically, if one were to develop 
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Below we describe several challenges facing the progress of EBP education and research 
gaps in EBP education literature.   
Challenges in the research evidence evaluating EBP educational 
interventions  
As shown in Section 2.2, there is a large body of research investigating the impact of EBP 
educational interventions. However, the findings of these studies are inconsistent and 
non-conclusive68. The evidence generated by these studies is hampered by at least two 
important problems: (i) incomplete reporting of educational intervention details and (ii) 
heterogeneity in the outcome measures.  
(i) Reporting of interventions details in EBP educational studies 
Demonstrating the effectiveness of an intervention does not guarantee the translation of 
its findings into practice. Inadequate reporting of an intervention’s details hinders the 
ability of clinicians and patients to use the intervention in real-life situations98, hampers 
the synthesis of primary studies into systematic reviews and meta-analysis, and limits the 
understanding and the interpretation of primary studies and its synthesis98,99. Lack of 
adequate reporting of intervention details also contributes to avoidable waste in health 
research evidence100. 
Several studies have shown that the quality of reporting of health-related interventions is 
generally inadequate in primary studies and in systematic reviews24,99,101, which is much 
more evident in non-pharmacological interventions (e.g. intervention details were 
accurately reported in 67% of pharmacological trials compared to only 29% in non-
pharmacological trials98). Hoffmann et al. evaluated the completeness of descriptions of 
137 non-pharmacological interventions reported in a sample of 133 randomised trials102. 
Only 39% of interventions were adequately reported, but partially remediable (this 
increased to 59% by using responses from contacting authors)102. Intervention materials 
were the most frequently missing component (in 53% of interventions)102. Therefore, an 
international group of experts and stakeholders developed the Template for Intervention 
Description and Replication (TIDieR) checklist to improve the completeness of reporting, 
and ultimately the replicability, of interventions103. 
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The problem of inadequate reporting of the intervention in EBP educational trials has been 
discussed in several systematic reviews examining the effect of EBP educational 
interventions68,69,76. For instance, Hecht et al. conducted a systematic review of 13 studies 
and found that the effect of EBP educational interventions could not be determined due 
to the poor reporting of included studies75. Further, inadequate reporting of EBP 
educational intervention details results in huge variations in the definition of the elements 
of EBP educational interventions. For example, Kortekaas et al. conducted a cluster RCT 
comparing an integrated EBP educational intervention to standalone one and pointed out 
that the use of clinical scenarios in their standalone intervention had been considered ‘a 
clinically integrated intervention’ by other studies70. Inadequate reporting of intervention 
details has not only contributed to the observed inconsistent findings of EBP educational 
studies but also impeded the translation of best available evidence regarding EBP 
education into practice. This gap in the literature has been addressed in Chapter 3 (thesis 
research question 1) which examined the completeness of reporting of EBP educational 
interventions in published studies. 
(ii) Heterogeneity in the outcomes measures used to evaluate EBP educational 
interventions 
Despite the established interest in teaching EBP as a core competence for clinicians, 
measuring clinicians’ competence in EBP remains a challenge. It is unclear what the most 
important outcomes that should be measured in EBP educational interventions (i.e. core 
outcomes) are, and how to measure them (i.e. with which instruments). For instance, 
Shaneyfelt et al showed in a systematic review of 104 instruments used to evaluate EBP 
educational interventions that despite the apparent abundance of instruments evaluating 
EBP educational interventions, only a few were of high quality (11 out of 104 instruments; 
based on the type, extent, methods, and results of psychometric testing and the suitability 
for different evaluation purposes). In addition, they highlighted that patient-related 
outcomes were rarely measured as an outcome of EBP educational interventions104. 
Therefore, there is a need to harmonise the use of reliable outcome measures to allow for 
evaluating the most important outcomes of EBP educational interventions and 
determining its impact on clinical practice and quality of care105. 
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Tilson et al. developed the Classification Rubric for EBP Assessment Tools in Education 
(CREATE) framework (Figure 2.6), which provides directions for the evaluation and design 
of EBP learning outcome assessment tools106. The CREATE framework is an internationally 
agreed taxonomy for classifying outcome measures used to measure EBP educational 
interventions that considers the assessment category (i.e. patient outcomes, behaviour, 
skills, knowledge, self-efficacy, attitudes, and reaction to the educational experience), type 
of assessment (i.e. patient-oriented outcomes, activity monitoring, performance 
assessment, cognitive testing, and self-report/opinion), and steps of EBP (i.e. ask, search, 
appraise, integrate, evaluate)106. 
 
 
Figure 2.6. The Classification Rubric for EBP Assessment Tools in Education (CREATE) framework 
(adapted from the Sicily statement) 
 
Despite the abundance of outcome measures that have been developed to evaluate EBP 
educational interventions (with an overlap in measuring specific domains), Tilson et al 
suggested that there is also a need to develop new outcome measures that measure 
specific neglected outcome domains (e.g. behaviour, patient outcomes) and focus on 
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specific populations (e.g. health disciplines)106. This gap in the literature has been 
addressed in Chapter 4 (thesis research question 2) which examined the differences in the 
outcome measures used in evaluating EBP educational interventions.  
Variations in EBP educational interventions and the need for core 
competencies  
Despite the increasing recognition and integration of EBP as a core element in both 
undergraduate and postgraduate education curriculum, lack of EBP knowledge and skills 
is frequently reported as a barrier to EBP implementation in practice48,49. A potential 
contributor to this is an inconsistency in the quality and content of EBP educational 
interventions. For example, Meats et al. surveyed 20 (of all 32) undergraduate medical 
schools in the UK about EBP teaching and assessment (including details of the content of 
the EBP curriculum) and found considerable variation in the content and methods of EBP 
teaching107. Meats et al. suggested the development of a national EBP curriculum detailing 
the content that should be covered in undergraduate level107. Similar, Blanco et al. 
surveyed the deans of 115 (of 149) the United States and Canadian medical schools about 
the content of EBP curriculum and barriers to EBP training in medical schools and found 
similar inconsistency in the content of EBP curricula108. Blanco et al. also reported that the 
development of a national agreement on the required EBP competencies was rated most 
frequently (by 41% of participating deans) as extremely helpful in overcoming barriers to 
EBP implementation108.  
The Institute of Medicine has endorsed the development of core competencies (i.e. 
defined as ‘the essential minimal set of a combination of attributes, such as applied 
knowledge, skills, and attitudes, that enable an individual to perform a set of tasks to an 
appropriate standard efficiently and effectively’109) and promoted competency-based 
education as a promising way of reforming health education and ultimately improving 
quality of care57. A standardised set of minimum core competencies in EBP that clinicians 
should meet has the potential to standardise and improve EBP educational interventions. 
Therefore, a standardised set of core competencies in EBP for clinicians is needed to 
harmonise the development of EBP curriculum, learning objectives, and assessment 
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strategies. This gap in the literature has been addressed in Chapter 5 (thesis research 
question 3) which used a multi-method Delphi study to develop core competencies in EBP. 
Clinicians’ EBP learning needs: the role of social media networks 
As discussed earlier, the exponential and scattered growth of health literature over the 
last few decades is an increasing hinderance to clinicians’ capacity to keep up with research 
evidence25,110. Despite the huge amount of information available, clinicians frequently face 
personal knowledge gaps, ask clinical questions about patient care, and have many 
unanswered questions (i.e. information paradox)111,112. Del Fiol et al. systematically 
reviewed 72 studies that examined clinical questions raised or observed by clinicians and 
found that clinicians ask about one question for every two patients113. However, for more 
than half of the generated questions, answers are never pursued, and if they were, they 
were often not answered satisfactorily113,114. This represents a missed opportunity to 
address clinicians’ learning needs. Ely et al. analysed the barriers to answering 1062 clinical 
questions raised by clinicians and found a lack of time and clinicians’ doubt about the 
existence and usefulness of available answers to be frequently reported barriers113,115. 
Clinicians often consult colleagues to answer clinical questions and to overcome 
information overload110,112. Thus, understanding clinicians’ use of social media networks 
to address clinical questions that are generated from patient care and personal knowledge 
gaps and learning needs is warranted to optimise learning and teaching programs.  This 
gap in the literature has been addressed in Chapter 6 (thesis research question 4) which 
examined questions asked in a large well-used GP Facebook network. 
Shared decision making focusing on pre-appraised evidence: Is it an 
opportunity for training busy clinicians in EBP? 
Shared decision making  
SDM is a consultation process where a clinician and patient jointly participate in making a 
health decision, having discussed the available options and their benefits and harms, and 
having considered the patient's values, preferences, and circumstances10,45.  There is an 
increasing recognition of the importance of sharing clinical decisions with patients to 
achieve quality patient-centred, value-based care116. However, there is a lack of clear 
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guidance about how best to implement SDM in practice, and generally low levels of SDM 
implementation in clinical practice117. A systematic review of 38 studies of health 
professionals' perceived barriers and facilitators to implementing SDM in practice, found 
that time constraints, perceived lack of applicability of SDM, and clinicians’ attitudes are 
major barriers118. A Cochrane review of interventions for increasing the uptake of SDM 
found that training clinicians in SDM can improve its use in practice119. Further, an 
environmental scan of 148 training programs in SDM for clinicians found that training 
appears to be effective in addressing frequently reported barriers to SDM 
implementation120,121. However, SDM training programs vary widely in how and what they 
deliver120 and evidence about how best to teach SDM is scarce120,122. Many existing SDM 
training interventions are disease-specific123-127, and very few have evaluated general SDM 
training128-130. Therefore, training programs that teach busy clinicians a set of SDM skills to 
enable them to engage patients in the decision-making process may be appreciated by 
clinicians and an opportunity to foster the uptake of research evidence in practice. 
EBP educational interventions are often focused on teaching detailed critical appraisal 
skills often to the exclusion of other steps (i.e. the application of evidence using SDM skills 
in particular)45,107,131. Integrating SDM training with EBP training maybe a valuable 
opportunity for both SDM (owing to the lack of standardised SDM training120) and EBP 
(because of the infrequent focus on applying research evidence107) to capitalise on closely 
aligning the two approaches, which has been frequently advocated45,116. Although SDM is 
important to the application of evidence to practice, by integrating research evidence with 
patients’ values and preferences, it is usually not taught as part of EBP. EBP has mostly 
been taught according to the traditional approach which follows the five EBP steps: ask, 
acquire, appraise, apply, and assess. Therefore, this is an ideal opportunity to integrate 
SDM training within EBP training to highlight the connection between the two approaches. 
Hoffmann et al. described this as “Without SDM, EBM can turn into evidence tyranny. 
Without SDM, evidence may poorly translate into practice and improved outcomes”45. It 
may also increase clinicians interest in the clinical relevance of EBP and hence its uptake.  
Pre-appraised evidence  
Years of efforts in teaching EBP to clinicians has revealed that only a few clinicians would 
ever master the skills—and those with the skills would seldom have time—to conduct a 
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detailed critical appraisal of the evidentiary basis of their practice132. Therefore, there is 
increasing interest in using pre-appraised evidence to help clinical decision making at the 
point of care41. Pre-appraised evidence (i.e. evidence-based sources that are vetted by 
experts and updated regularly to accommodate the newest evidence) represents a partial 
solution to busy clinicians by providing timely condensed updated summaries of the best 
research evidence133. As was discussed in Section 2.1, Straus et al. discerned the ‘using’ 
mode (i.e. use of pre-appraised evidence to inform clinical practice) from the ‘doing’ mode 
of practising EBP (i.e. conduct detailed critical appraisal of individual studies)30. Although 
a major advancement in the science of producing trustworthy pre-appraised resources has 
occurred, EBP educational interventions mainly focus on teaching detailed critical 
appraisal skills (i.e. ‘doing’ mode)65. For example, a multicentre study that evaluated the 
preferences and understanding of pre-appraised evidence of 248 clinicians (working 
primarily in general internal medicine or family medicine in 10 different countries) 
suggested that strategies to increase clinicians' competencies in EBP to better understand 
or interpret pre-appraised evidence are still needed134. In addition, the use of pre-
appraised evidence might improve the implementation of SDM - by providing timely 
availability of unbiased, balanced, and reliable evidence to support patient-clinician 
discussion about the benefits and harms135. Therefore, there is a need to focus on the use 
of pre-appraised evidence in EBP educational interventions and also to teach clinicians 
how to interpret and clearly communicate the findings presented in pre-appraised 
evidence – which might also be a motivation for clinicians to learn more about the critical 
appraisal of research evidence. This gap in the literature has been also addressed in 
Chapter 7 (thesis research question 5) which examined an integrated SDM and EBP 
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Preamble 
In the previous chapter (Chapter 2), we noted that previous studies have highlighted 
deficiencies in the reporting of a range of non-pharmacological interventions. We also 
observed that inadequate reporting of intervention details frequently hinders the synthesis 
of primary studies examining the effect of EBP educational interventions. However, despite 
the frequent acknowledgment of this problem and its implications, a careful examination of 
the completeness of reporting of intervention details in studies that evaluated EBP 
educational interventions have not been conducted.    
This chapter contains an article entitled “Completeness of the reporting of evidence-based 
practice educational interventions: a review”, published in Medical Education on November 
2017. It examines reporting of EBP educational interventions in published studies and 
explores whether missing information about intervention details could be obtained. 
Work arising from this chapter was also presented in oral form at the annual higher degree 
research conference at Bond University. 
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3.1 Abstract 
Context 
Complete reporting of intervention details in trials of evidence-based practice (EBP) 
educational interventions is essential to enable clinical educators to translate research 
evidence about interventions that have been shown to be effective into practice. In turn, this 
will improve the quality of EBP education. 
Objectives 
This study was designed to examine the completeness of reporting of EBP educational 
interventions in published studies and to assess whether missing details of educational 
interventions could be retrieved by searching additional sources and contacting study 
authors. 
Methods 
A systematic review of controlled trials that had evaluated EBP educational interventions was 
conducted using a citation analysis technique. Forward and backward citations of the index 
articles were tracked until March 2016. The TIDieR (template for intervention description and 
replication) checklist was used to assess the completeness of intervention reporting. Missing 
details were sought from: (i) the original publication; (ii) additional publicly available sources, 
and (iii) the study authors. 
Results 
Eighty-three articles were included; 45 (54%) were randomised controlled trials (RCTs) and 38 
(46%) were non-RCTs. The majority of trials (n = 62, 75%) involved medical professionals. 
None of the studies completely reported all of the main items of the educational intervention 
within the original publication or in additional sources. However, details became complete 
for 17 (20%) interventions after contact with the respective authors. The item most frequently 
missing was ‘intervention materials’, which was missing in 80 (96%) of the original 
publications, in additional sources for 77 (93%) interventions, and in 59 (71%) studies after 
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contact with the authors. Authors of 69 studies were contacted; 33 provided the details 
requested. 
Conclusions 
The reporting of EBP educational interventions is incomplete and remained so for the majority 
of studies, even after study authors had been contacted for missing information. 
Collaborative efforts involving authors and editors are required to improve the completeness 
of reporting of EBP educational interventions. 
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3.2 Introduction 
Evidence-based practice (EBP) provides a framework for the integration of the best available 
research evidence and clinical expertise with patients' values to optimise clinical decision 
making and patient care1,2. Evidence-based practice emphasises how important it is that 
clinicians adopt lifelong learning skills. Since the phrase ‘evidence-based medicine’ was 
coined over two decades ago, it has been widely embraced by national and international 
health care communities and professional bodies. An evidence-based approach to health care 
is recognised internationally as a core competency for clinicians and has become a standard 
required by many health professions3-6. 
Consequently, tremendous effort and resources have been focused on EBP education and 
there has been slow but steady progress in the accumulation of evidence for the effectiveness 
of EBP educational interventions7. In a recent overview of systematic reviews that evaluated 
the effects of teaching EBP to clinicians, 16 systematic reviews, which included more than 80 
primary studies (25 were randomised controlled trials [RCTs]), were identified. The review 
found that multifaceted, clinically integrated EBP interventions with assessment were more 
likely to improve EBP knowledge, skills and attitudes than standalone interventions or no 
intervention8. 
However, a recent systematic review investigating the barriers to EBP found that lack of 
knowledge, skills, resources and time remain major barriers to EBP from the clinician's 
perspective9,10, highlighting a gap in the uptake of evidence about effective EBP educational 
interventions in practice. Evidence of the effectiveness of an intervention alone is not enough 
to guarantee the translation of research evidence into practice. Without the complete 
reporting of intervention details, an intervention cannot be implemented11. For instance, 
training materials (both those provided to participants and those used by the intervention 
provider) are often a major component of an educational intervention. However, without a 
detailed description of these materials, readers will not be able to use the intervention. 
Evidence-based practice educational interventions, like other health professional educational 
interventions, are complex interventions in which many components interact, and are 
conducted in various settings12. Health education research should aim to find out not only 
about whether an intervention is effective, but also about what the intervention is; this 
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requires the intervention to be reported with sufficient detail13. Guidance for researchers that 
aims to increase accuracy, consistency, completeness and transparency in the reporting of 
interventions has been developed recently14,15. 
The quality of the reporting of RCTs in health professional education is suboptimal16,17. For 
instance, a recent systematic review that examined the completeness of reporting of health 
professional educational trials using the Consolidated Standards of Reporting Trials 
(CONSORT) checklist found that most checklist items were reported in fewer than 50% of 
studies17. In addition, although incomplete reporting of EBP educational interventions has 
been mentioned as a problem in systematic reviews of these interventions8,18-21, these studies 
examined the methodological quality and reporting quality of the general characteristics of 
these trials. They did not conduct a detailed assessment of the reporting of the interventions 
in these trials. 
The completeness of the reporting of EBP educational interventions has not been 
comprehensively assessed using a specifically designed intervention reporting checklist, and 
the issue of whether missing details can be obtained from authors has not been explored. 
This study aimed to examine the completeness of reporting of intervention details in 
published trials of EBP educational interventions. To use research evidence, readers and 
researchers often search for missing intervention details in additional resources provided by 
the original authors or by contacting the study authors. Thus, we also aimed to assess whether 




We conducted a systematic review of studies that have evaluated the effects of EBP 
educational interventions. As far as possible, this systematic review was reported in 
accordance with the PRISMA (preferred reporting items for systematic reviews and meta-
analyses) statement. Supplementary material 3.1 shows supporting information for the 
completed PRISMA checklist. However, a few items (n = 7) related to the synthesis of the 
48 
CHAPTER 3: Reporting of EBP interventions 
results, risk for bias across studies and additional analysis were not relevant to our review, 
and hence are not reported. 
Search strategy 
We used the citation analysis technique to identify studies about EBP educational 
interventions. The index articles for our citation analysis were studies in the recent overview 
of the effect of EBP teaching8, both the systematic reviews included and the primary studies 
included that had investigated the effects of EBP education. We tracked the forward and 
backward citations of these index articles using the Web of Science database until March 
2016. Citation analysis can efficiently elude the time-consuming and complex nature of 
traditional search strategies with an acceptable rate of accuracy22-24. Further, citation analysis 
does not depend on the use of specific keywords and search terms, which may be 
advantageous, particularly in disciplines in which there is inconsistent terminology25,26. 
However, this may also carry risk for the missing of a few relevant studies. The highly sensitive 
Cochrane search filter for identifying randomised trials (sensitivity-maximising version; 2008) 
was applied27. We identified additional eligible studies by reviewing the reference lists of the 
studies included. No language restrictions were applied. 
Eligibility criteria 
Types of study 
Studies were required to be controlled trials that included a separate group for the purposes 
of comparison (e.g. RCTs or non-RCTs). 
Types of participant 
Participants could be any health professionals, irrespective of discipline or level of training (in 
undergraduate or postgraduate education or in continuous professional development). 
Types of intervention 
Interventions could involve any format or mode of EBP educational intervention (e.g. 
workshop, course, journal club) that aimed to teach at least one component of the main steps 
of EBP (ask, acquire, appraise, apply and assess). 
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Types of comparator 
Comparators might involve no intervention or another intervention (e.g. comparing different 
methods of EBP training). 
Types of outcome measure 
Outcome measures included any measure of EBP knowledge, skills, attitudes, behaviours or 
practice. There were no language or publication year restrictions. 
Selection of studies 
Studies were assessed for eligibility by an initial screening of titles and abstracts and the 
subsequent examination of the full text by one review author (LA). Any concerns about study 
eligibility were discussed by the authors and resolved through consensus. 
Data extraction 
Details of the study characteristics and components of the EBP intervention were extracted 
from each study using a piloted data extraction form (Table 3.1). The data extraction form 
was adapted from the TIDieR (template for intervention description and replication) 
checklist14, which aims to improve the reporting of interventions and is an extension of the 
CONSORT guidance15, and the GREET (guideline for reporting evidence-based practice 
educational interventions and teaching)28. 
The completeness of the reporting of each checklist item describing the intervention core 
items (items 3–8) as reported in the original publication was assessed, after searches for 
additional sources and after e-mail contact with the respective authors29. Each checklist item 
(items 3–8) was rated as ‘complete’ if the component of the intervention was clearly 
described or as ‘incomplete’ if this component was not reported or was poorly described. In 
addition, the overall reporting of each included article was assessed as ‘complete’ when all 
the checklist items (items 3–8) were rated as complete and otherwise as ‘incomplete’. The 
other TIDieR items (items 9–12), which record the modifications to and fidelity of the 
intervention, were not assessed as they are less relevant to the aim of our study. At the 
beginning of the data extraction phases, data from a random sample of 20 articles (23%) were 
extracted by all three authors, who independently assessed the completeness of reporting in 
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these articles. Ratings were discussed after every five articles in a process that continued until 
consensus rating had been attained and the data extraction tool was being used consistently. 
















c. Year of publication


















a. Number (sample size)
b. The level of education (students, professionals)
c. professional discipline









1. Brief name A name or a phrase which describes the intervention
2. Why
Describes the rationale, theory, or goal of the elements essential to the
intervention:
a. Theory: describe the educational theory (ies), concept or approach used in
the intervention.
b. Learning objectives: describe the learning objectives for all groups involved
in the educational intervention.
c. EBP content: list the foundation steps of EBP (ask, acquire, appraise, apply,
assess) included in the educational intervention.
3. What:
materials
Describes any physical or informational materials provided to participants used 
in intervention delivery or in the training of intervention providers 
a. Materials provided to participants: workbook/handbook/manual or
checklist/ EBP references
b. Materials used in training: presentations/tasks/articles for discussions
c. EBP concepts covered
4. What:
procedure
Describes each of the procedures, activities, and processes used in the
intervention, including any enabling or support activities
a. Pre-intervention any readings/activities required/prerequisites
b. During the intervention: any task/activity required (group projects ...etc.).
c. Post-intervention: activities required/assessments/assignments
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5. Provider
Describes the intervention provider (number) and their expertise, 
background/professional discipline, and any specific training given/incentives 
6. How
Describes the modes of delivery (e.g. face-to-face) of the intervention 
a. Teaching strategy (e.g. tutorial, lectures, small-group, blended, interactive,
didactic, mixed)
b. Mode of delivery (face-face or online)
c. Group size, trainer-to-trainee ratio
7. Where
Describes the type(s) of location(s) where the intervention occurred, including
any necessary infrastructure or relevant features/facilities (e.g. conference,
university lecture theatre, hospital ward, community)
8. When and
How Much
Describes the dose/schedule of the intervention
a. The schedule (duration of entire program, fixed or flexible)
b. How frequent each session
c. Duration of each session
d. Timing of each session)
9. Tailoring
Describes the what, why, when, and how of intervention titration,
personalization, or progression
Did the educational intervention require specific adaptation for the learners? If
yes, please describe the adaptations made for the learner(s) or group(s).
10. Modification
Describes any modifications to the intervention during the course of the study
Was the educational intervention modified during the course of the study? If
yes, describe the changes (what, why, when, and how).
11. How well:
planned
Describes strategies used to maintain or improve fidelity (how and by whom)
a. Attendance: Describe the learner attendance, including how this was




Describes the extent to which the intervention was delivered as planned (if 
adherence or fidelity was assessed) 
a. Describe any processes used to determine whether the materials and the
teaching strategies used in the educational intervention were delivered as
originally planned.
b. Describe the extent to which the number of sessions, their frequency,









b. Assessment methods/ instruments used
1Adapted from TIDier and GREET reporting checklist 
For each study, additional intervention information from other sources (such as reference 
lists, article citations, and by tracking the authors' relevant publications) was obtained where 
available. If further details about the intervention were still missing, an attempt to contact 
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the corresponding authors of the original study with specific questions related to the missing 
information was made. (Supplementary material 3.2 shows an example of an e-mail to an 
author.) Contact e-mail addresses were searched for in the included article or in the 
corresponding authors' most recent publications or workplace staff directories. Up to three 
reminders, each 3 weeks apart, were sent to authors. If current e-mail addresses were 
unavailable, one of the co-authors was contacted. When additional information was obtained 
(from either the other sources or the authors), relevant items were re-rated. In addition, the 
accessibility of the intervention materials was assessed and categorised as: already freely 
accessible; available by agreement with the study authors to be freely accessible in an open 
database30, or not freely accessible (i.e. free accessibility was declined). The methodological 
quality (risk for bias) of the included studies was not assessed as this is unlikely to affect the 
completeness of intervention reporting. 
Data analysis 
Microsoft Access Version 2013 X.X (Microsoft Corp., Redmond, WA, USA) was used to compile 
details about each item, to track the completion of missing items, to search for additional 
sources and to follow up with the study authors. Data were analysed using descriptive 
statistics. 
3.4 Results 
The search yielded 1682 articles for the screening of titles and abstracts. Of these, 286 full-
text articles were obtained for full-text review and 83 of these articles were included (Figure 
3.1). Of these, 45 (54%) were RCTs and 38 (46%) were non-RCTs.  
The trials were published between 1986 and 2015, and about half (51%) were published in 
the last decade. Except for one Spanish article, all articles were written in English. Thirty-five 
(42%) studies were conducted in the USA, nine (11%) in the UK, seven (8%) in each of Australia 
and Canada, and the remainder in other countries (the Netherlands, Norway, Mexico, China, 
Croatia, Philippines, Iran, Israel, Taiwan, Spain, Italy, Saudi Arabia, South Africa). In 62 (75%) 
of the studies included, the participants were medical professionals, whereas the remainder 
were conducted in nurses, physiotherapists, occupational therapists and other allied health 
professionals. Fifty studies (60%) included postgraduate-level participants, 32 studies (39%) 
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included undergraduate students, and one study (1%) included participants in both levels of 
education. Supplementary material 3.3 shows details of the characteristics of the included 
studies and Supplementary material 3.4 shows details of the intervention discussed in each 
study. 
Figure 3.1. PRISMA (preferred reporting items for systematic reviews and meta-analyses) -based 
flow diagram showing study selection. EBP, evidence-based practice; RCT, randomised controlled 
trial 
Across the 83 studies, 14 corresponding authors were not contactable because contact details 
could not be found. Of the 69 corresponding authors contacted, 27 did not respond after 
reminders. Of the 42 who did reply, 33 provided the intervention details requested (18 
provided materials and other details; 15 provided only other intervention details) (Figure 3.2). 
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Completeness of reporting of the EBP educational intervention 
In the original publication or in additional sources, none of the 83 included studies completely 
reported all the checklist items. However, after author contact, 17 articles (20%) were then 
rated as complete in all checklist items. 
The item most frequently rated as incompletely reported was ‘intervention materials’ (item 
3). Details were missing in 80 (96%) of the original publications, in 77 (93%) after searching 
additional sources, and in 59 (71%) after author contact. Items 6a and 6b (details describing 
the ‘teaching strategy’ and ‘mode of delivery’) were the most completely reported items 
(Figure 3.3). After contact with corresponding authors, the completeness of reporting was 
most improved (by 30%) for item 5 (‘intervention providers’) and least improved (by 10%) for 




Figure 3.2. Process of contacting study authors for missing information 
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The completeness of reporting of interventions improved over time. Eleven of the 27 studies 
(41%) published between 2010 and 2016 were rated as complete (including details from the 
original publication, additional sources and author contact), whereas only two of the 39 (5%) 
studies published before 2005 and four of the 17 (24%) studies published between 2005 and 
2009 were rated as complete after author contact. 
Figure 3.3. Percentages (numbers in bars) of interventions in evidence-based practice educational 
trials rated as completely described for each checklist item (items 3–8 in Table 3.1), in 83 original 
publications, with additional sources and after contacting authors 
Materials used in the educational interventions 
Materials used in the educational intervention were provided in the original publications for 
three studies, and in additional sources for a further three studies. Requests for the material 
(and other intervention details) used in delivering the intervention were sent to 69 authors, 
of whom 42 replied, but only 18 provided the requested materials (along with other 
intervention details) (Figure 3.2). Of the 24 sets of materials retrieved (six from the original 
publication or additional sources plus 18 supplied by study authors), 18 were either already 
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publicly available or the authors agreed to make them publicly available. The most common 
reasons for an author's refusal to make materials publicly available were that the materials 
were outdated or that organisational permissions were perceived to be required. A total of 
112 sets of documents were provided, ranging from one to 30 documents per responding 
author. The types of materials most commonly provided were slides of presentations (n = 33), 
but materials also included handouts (n = 22), tutorial manuals (n = 13), workbooks, exercises 
or case studies (n = 16), assignments (n = 9), and lists of further resources or readings or 
website/Internet resources (e.g. a video or discussion forum) (n = 19). 
3.5 Discussion 
We found that EBP educational interventions in 83 published controlled trials were 
incompletely reported in the majority of the studies. None of the studies included had 
completely reported all of the main elements of the educational intervention, including the 
intervention materials. Following author contact17,  study authors were able to supply all 
missing information. The most frequently incompletely reported items were: intervention 
materials; providers of the intervention, and details of the frequency, duration and timing of 
the intervention. 
These findings resonate with the results of a systematic review of 61 studies that described 
the reporting of EBP educational interventions and found that instructor details and the 
schedule of the intervention were among the least consistently reported items in EBP 
educational interventions18. However, this previous study did not comprehensively assess the 
completeness of reporting of EBP educational interventions using a specifically designed 
checklist and the authors of the relevant studies were not contacted to determine whether it 
was possible to obtain missing intervention details18. Our finding of incomplete reporting of 
intervention details aligns with previous reports investigating the completeness of the 
reporting of other basic and methodological elements (i.e. not intervention details) of health 
professional education studies17, which have found that most of the essential reporting items 
(e.g. randomisation, blinding, participant flow and sampling) were missing in more than 50% 
of included studies16,17,31,32. 
The problem of incomplete reporting of intervention details has been observed in many areas 
of clinical interventions. Hoffmann et al.29 evaluated the completeness of descriptions of non-
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pharmacological interventions in a sample of randomised trials and assessed whether the 
study authors were able to provide the missing details. They found complete descriptions in 
original publications for about one-third of the interventions (39%), which increased to almost 
two-thirds (59%) after information was obtained from trial authors. They also found that 
‘intervention materials’ was the most frequently missing item (missing in 53% of studies 
reporting interventions)29. A systematic examination of cardiac rehabilitation interventions 
also found that intervention details were completely reported in only 8% of trials and that 
contact with the study authors increased this percentage to 43%33. Analysis of a random 
sample of 200 reports of randomised trials in the context of physiotherapy showed that 23% 
of the included interventions scored poorly on at least half of the checklist items34. 
‘Intervention materials’ was the most poorly reported item, with only 4% of studies providing 
the materials in the original publication. This improved to 29% when study authors were 
contacted. The accessibility of intervention materials is an important prerequisite for 
widespread knowledge translation, which is why we assessed the availability of materials. 
Three-quarters (75%) of the retrieved materials were either freely accessible or their authors 
agreed to make them freely accessible in an open-access database30. The most common 
reason for declining to make the materials freely accessible was copyright concerns about the 
article. Hoffmann et al.29 found that about half of the websites that contained further 
intervention information or the materials themselves were freely accessible, and concern 
about copyright or intellectual property was the main reason given for the unavailability of 
study intervention materials. Phillips et al.18 found that the materials used in EBP educational 
interventions were reported in about three-quarters of studies; however, this refers to 
materials being described in articles rather than being provided in sufficient detail to facilitate 
replication. 
In the present study, the observed improvement in the completeness of reporting of 
intervention details over time may reflect our inability to locate the contact details for the 
authors of some older trials, as well as the development and use of reporting guidelines 
(e.g. CONSORT15) over time. A previous study of the completeness of the reporting of 
health professional educational studies also observed improvement in reporting 
completeness over time17. However, Abell et al.33 did not find an increase in the 
completeness of reporting of intervention details in published cardiac rehabilitation trials 
over time. 
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Strengths and limitations 
One potential limitation of this review concerns the risk that relevant articles were not 
detected by using citation analysis as a search strategy. However, the accuracy rate of citation 
analysis has been found to be acceptable22,24. For instance, using this technique, Janssens and 
Gwinn25 identified 94% (range: 75–100%) of all articles included in 10 different meta-analyses 
that were originally retrieved using traditional search strategies, whereas only 10% as many 
articles were screened using a traditional search strategy. Even if a few potentially eligible 
studies were missed, it is unlikely that our overall results and conclusions were affected as we 
aimed to assess the completeness of intervention reporting rather than the effectiveness of 
the educational interventions. Another limitation refers to the fact that although we used a 
checklist to assess completeness, some elements may still be missing when other researchers 
or educators attempt to use the educational intervention. This may mean that we 
underestimated the extent to which the descriptions were completely reported. 
Implications for practice and research 
The incomplete reporting of research is a major problem that contributes to the overall waste 
in health research11. The incomplete provision of intervention details impedes research into 
the reproducibility of findings, results synthesis, and translation into practice. Without 
complete details of interventions, EBP educators will be unable to translate interventions 
shown to be effective into practice, which, in turn, will impede the delivery of quality EBP 
education. Authors of trial reports are encouraged to follow relevant reporting guidelines, 
such as those of TIDieR14 and GREET28. In order to enhance the availability of materials 
relevant to EBP, we will upload the materials retrieved in the course of the current analysis 
(which the respective authors have agreed to make publicly available) in the Critical thinking 
and Appraisal Resource Library (CARL)30. 
3.6 Conclusions 
The majority of EBP educational interventions remained incompletely reported and unusable 
even after the original study authors had been contacted for missing information. 
Collaborative efforts involving authors, editors and EBP educators are needed to improve the 
quality of the reporting of EBP educational interventions. 
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3
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Preamble 
In our review of the current literature on EBP education (Chapter 2), we observed that 
the inadequate reporting of intervention details in EBP educational studies (that was 
discussed in Chapter 3) was not the only challenge facing the research evidence evaluating 
EBP education. One major challenge is the differences in the content of EBP educational 
interventions and the outcome measures used to evaluate these interventions. We have 
collected a large proportion of missing intervention details, intervention materials in 
particular, in the previous chapter. Therefore, we were able to use this information to 
examine the differences in the coverage of the five EBP steps as well as the domains of 
outcomes measured in published studies evaluating EBP educational interventions. 
This chapter contains an article entitled “Evidence-based practice educational intervention 
studies: a systematic review of what is taught and how it is measured”, published in BMC 
Medical Education on August 2018. It systematically examines the differences in the EBP 
content covered, describes the outcome domains measured, and evaluates the 
psychometric properties of the instruments used in evaluating EBP educational 
interventions. 
Work arising from this chapter was also presented in oral form at the annual higher degree 









Despite the established interest in evidence-based practice (EBP) as a core competence 
for clinicians, evidence for how best to teach and evaluate EBP remains weak. We sought 
to systematically assess coverage of the five EBP steps, review the outcome domains 
measured, and assess the properties of the instruments used in studies evaluating EBP 
educational interventions. 
Methods 
We conducted a systematic review of controlled studies (i.e. studies with a separate 
control group) which had investigated the effect of EBP educational interventions. We 
used citation analysis technique and tracked the forward and backward citations of the 
index articles (i.e. the systematic reviews and primary studies included in an overview of 
the effect of EBP teaching) using Web of Science until May 2017. We extracted 
information on intervention content (grouped into the five EBP steps), and the outcome 
domains assessed. We also searched the literature for published reliability and validity 
data of the EBP instruments used. 
Results 
Of 1831 records identified, 302 full-text articles were screened, and 85 included. Of these, 
46 (54%) studies were randomised trials, 51 (60%) included postgraduate level 
participants, and 63 (75%) taught medical professionals. EBP Step 3 (critical appraisal) was 
the most frequently taught step (63 studies; 74%). Only 10 (12%) of the studies taught 
content which addressed all five EBP steps. Of the 85 studies, 52 (61%) evaluated EBP 
skills, 39 (46%) knowledge, 35 (41%) attitudes, 19 (22%) behaviours, 15 (18%) self-efficacy, 
and 7 (8%) measured reactions to EBP teaching delivery. Of the 24 instruments used in 
the included studies, 6 were high-quality (achieved ≥3 types of established validity 
evidence) and these were used in 14 (29%) of the 52 studies that measured EBP skills; 14 
(41%) of the 39 studies that measured EBP knowledge; and 8 (26%) of the 35 studies that 
measured EBP attitude. 
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Conclusions 
Most EBP educational interventions which have been evaluated in controlled studies 
focus on teaching only some of the EBP steps (predominantly critically appraisal of 
evidence) and did not use high-quality instruments to measure outcomes. Educational 
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4.2 Background 
Evidence-Based Practice (EBP) is the integration of the best available research evidence 
with clinical expertise and patient’s unique values and preferences (i.e. personal concerns, 
expectations, cultural influences and individual characteristics during the clinical 
encounter)1.  The Institute of Medicine (IOM), accreditation councils and health 
professional bodies consider EBP as a core competency needed for health professionals2-
4. Hence, EBP has become an integral part of undergraduate, postgraduate, and 
continuing health professional education curricula5.  
Despite the established interest in evidence-based practice (EBP) as a core competency 
for clinicians, evidence for how to effectively teach it remains suboptimal.  Fifteen years 
ago, Hatala and Guyatt highlighted this: “the quantity and quality of the evidence for 
effectively teaching EBM are poor. Ironically, if one were to develop guidelines for how to 
teach EBM based on these results, they would be based on the lowest level of evidence”6. 
The disproportionate focus on critical appraisal compared to the other four steps in the 
EBP process (question formulation, searching, applying, and self-assessment) is a major 
shortcoming of the current literature for teaching EBP6-8. A review of 20 EBP educational 
interventions for undergraduate medical students found that these interventions stressed 
certain EBP steps (asking clinical question, acquire evidence, and critical appraisal) but pay 
less attention to others (apply, and assess and reflect)9 
In addition, the lack of high-quality validated instruments to establish the effect of an 
educational intervention is also a shortcoming6. In 2006, Shaneyfelt et al systematically 
identified 104 unique instruments for evaluating EBP teaching, the majority (90%) of 
which were not high quality instruments10. High quality instruments were those with 
established inter-rater reliability, objective outcome measures, and three or more types 
of established validity10. The 'Fresno test of competence in evidence based medicine'11 
and the Berlin Questionnaire12 were the only high-quality instruments identified as 
evaluating EBP knowledge and skills across 3 of the 5 EBP steps10. In 2011, a classification 
rubric for EBP instruments in education (the CREATE framework) was developed to help 
EBP educators identify the best available EBP instruments for their educational needs13.  
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Whether progress has been made to address these shortcomings (focus on EBP Step 3 and 
lack of high quality EBP instruments) is unclear. Therefore, we sought to systematically 
assess coverage of the five EBP steps in educational interventions, review the domains of 
outcomes measured in EBP educational interventions, and assess the psychometric 
properties of the instruments used in studies evaluating EBP educational interventions. 
The review question was: “What are the contents of EBP educational interventions and 
how are the effects of EBP educational interventions measured?” 
4.3 Methods 
We updated the search of a previously conducted systematic review of studies which 
evaluated the effect of EBP educational interventions (searched until March 2017)14 to 
find additional studies and extract additional information on content, outcome domains 
and EBP instruments.  
Eligibility Criteria  
We included studies that were: controlled (studies with a separate control group, e.g. 
randomised controlled trials or non-randomised controlled trials); investigated the effect 
of EBP educational intervention which aimed to teach at least one component of the main 
EBP steps (of any format or mode - e.g. workshop, course, journal club); among health 
professionals (irrespective of the discipline or the level of training - undergraduate, 
postgraduate, or continuous professional education). 
Search strategy  
We used a forward and backward citation analysis technique using the Web of Science 
database (until May 2017), with no language or publication year restrictions. Citation 
analysis can be used to identify all the articles that cited ("forward citation") or were cited 
by ("backward citation") the index articles. The index articles were the systematic reviews 
and primary studies included in an overview of systematic reviews of the effect of EBP 
teaching15. The Cochrane highly sensitive search filter for identifying controlled trials was 
applied16. In addition, the reference lists of included studies were also reviewed, and 
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the literature in Web of Science for published reliability and validity data of the EBP 
instruments reported in the included studies – using terms including the reference cited 
in the included article, the name of tool, and the authors involved in the development of 
the tool. 
Study selection  
Titles and abstracts were screened to identify potentially eligible studies, and the full texts 
of these were assessed for inclusion by one of the authors (LA). Any concerns about study 
eligibility were discussed and resolved by all authors. 
Data extraction and analysis 
We extracted data on study characteristics including publication year, country, sample 
size, design, and population. We extracted information on intervention content (EBP steps 
covered in the educational intervention) and categorised it into the five EBP steps17. We 
also extracted information on the outcome domains measured and organised them into 
the 7 categories according to Tilson et al13: (i) Reaction to the EBP educational experience; 
(ii) Attitudes about EBP; (iii) Self-efficacy for conducting EBP; (iv) Knowledge about EBP 
principles; (v) Skills for performing EBP; (vi) Behaviour congruent with EBP as part of 
patient care; and (vii) Benefit to Patients associated with EBP. All three authors 
independently extracted data from a random sample of 20 articles and discussed 
extractions until consensus achieved. Data from the remaining articles were extracted by 
one of the authors (LA). 
We also extracted information on the reliability and validity of the EBP instruments 
reported in the included studies – either from the included studies or retrieved articles 
from our search. The methods to evaluate the quality of instruments were based on those 
used by Shaneyfelt et al10 – high quality instruments should be supported by established 
interrater reliability (if applicable), objective (non–self-reported) outcome measures, and 
multiple (≥3) types of established validity evidence (including evidence of discriminative 
validity). Instruments that did not meet the criteria of high quality instruments were 
labelled low quality instruments. We considered the reliability and validity of an 
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instrument as “established” if the corresponding statistical test was significant (e.g. 
quantitative assessment of the reliability and validity of an instrument was not enough).  
4.4 Results 
Of 1831 records retrieved by our search, 962 titles and abstracts were screened for 
eligibility. Of these, 302 full-text articles were screened for inclusion, and 217 articles were 
excluded (Figure 4.1 shows the PRISMA flow chart). Of 85 included articles, 46 (54%) were 
randomized trials, 51 (60%) included postgraduate level participants, and 63 (75%) taught 
medical professionals. Table 4.1 shows characteristics of the included studies (See also 
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Content coverage of EBP steps in included studies  
EBP step 3 (critical appraisal of evidence) was the step taught most frequently in EBP 
educational interventions (n=63; 74%), followed by step 2 (acquiring the evidence; n= 52; 
63%) and step 1 (asking a clinical question; n=51; 61%) (Figure 4.2). About one-third of 
the studies (n=30; 36%) covered only one of the five EBP steps, most commonly step 3 
(critical appraisal of evidence).  Only 10 (12%) studies covered all five EBP steps. However, 
the proportion of studies which taught all five steps increased over time - from 1 study (of 
39; 3%) in years before 2004 to 6 studies (of 27; 22%) in 2010-2016, with a particular 
increase in coverage of steps 4 and 5.   
Table 4.1 Characteristics of the 85 included studies of EBP educational interventions 
Characteristics No. (%) 
Location  
USA 35 (41%) 
Europe 27 (32%) 
Australia 7 (8%) 
Canada 7 (8%) 
Others 9 (11%) 
Publication year  
< 2000 21 (25%) 
2000-2004 18 (21%) 
2005-2009 17 (20%) 
≥ 2010 29 (34%) 
Health disciplines  
Medical 63 (74%) 
Nursing 8 (9%) 
Allied health professions 14 (17%) 
Training level  
Undergraduate 32 (38%) 
Postgraduate 51 (60%) 
Both 2 (2%) 
Study design  
Randomised controlled trials 46 (54%) 
Non-randomised controlled trials 39 (46%) 
 
Outcome domains measured and quality of EBP instruments 
Of the 85 included studies, 52 (61%) evaluated EBP skills, 39 (46%) knowledge, 35 (41%) 
attitudes, 19 (22%) behaviours, 15 (18%) self-efficacy, and 7 (8%) measured students’ 
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reaction to the educational experience. None measured benefits to patients associated 
with EBP.   
High-quality instruments (achieved ≥3 types of established validity evidence) were used 
across: 14 (29%) of 52 studies that measured EBP skills; 14 (41%) out of 39 studies that 
measured EBP knowledge; and 8 (26%) out of 35 studies that measured EBP attitude. 
None of the instruments used to measure EBP self-efficacy and behaviour were of high 
quality. Table 4.2 shows the overall outcome domains measured and quality of EBP 
instruments used in the included studies.  
 
 
Figure 4.2. Percentage (numbers in bars) of studies which teach each of the 5 EBP steps (1: ask; 
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High-quality instruments used in EBP educational studies 
Of the 24 previously developed instruments that were used across all included studies, 6 
(25%) instruments were rated as high quality (Table 4.3). Four of these (Fresno Test11, 
Berlin Questionnaire12, Taylor et al18, and Assessing Competency in EBP “ACE” tool19) were 
used to measure both EBP knowledge and skills. The other two were used to measure 
either EBP knowledge20 or skills21. The Fresno Test, Berlin Questionnaire, and Assessing 
Competency in EBP “ACE” tool evaluated three of the five EBP steps (ask, acquire, and 
appraise and interpret). Taylor et al evaluated EBP step 2 and 3 (acquire, and appraise and 
interpret), Utrecht questionnaire evaluated EBP step 3 and 4 (appraise and interpret, 
apply)20, and MacRae et al evaluated EBP step 3 only21. Table 4.3 summarises high-quality 
instruments used in EBP educational interventions. 
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Table 4.2 Outcome domains and psychometric properties of instruments used in studies of EBP educational interventions (n=85).  


















Attitude Self-efficacy Knowledge Skills Behaviours Patient Benefit 
Of 85 included studies, number 
measuring this outcome domain  7 35 15 39  52  19 0 
Studies using previously 
developed instruments 0/7 (0) 24/35 (69) 5/15 (33) 24/39 (62) 20/52 (38) 7/19 (37) 0/0 (0) 
Participant self-reported measure 7/7 (100) 35/35 (100) 15/15 (100) 0/39 (0) 0/52 (0) 18/19 (95) 0/0 (0) 
Published/reported psychometric properties 
Inter-rater reliability† 0/7 (0) 0/35 (0) 0/15 (0) 8/39 (21) 15/52 (38) 2/19 (11) 0/0 (0) 
Content validity† 0/7 (0) 12/35 (34) 2/15 (13) 19/39 (49) 15/52 (38)  2/19 (11) 0/0 (0) 
Internal validity† 0/7 (0) 20/35 (57)  5/15 (33)  26/39 (67) 17/52 (44) 8/19 (42) 0/0 (0) 
Responsive validity† 0/7 (0) 8/35 (23)  1/15 (7) 11/39 (28) 10/52 (26)  1/19 (5) 0/0 (0) 
Discriminative validity† 0/7 (0) 9/35 (26) 4/15 (27) 15/39 (38) 16/52 (41) 0/19 (0) 0/0 (0) 
Criterion validity† 0/7 (0) 4/35 (11)  1/15 (7) 2/39 (5) 1/52 (3)  2/19 (11)  0/0 (0) 
Instrument ≥ 3 types of 
established validity† 0/7 (0) 8/35 (23) 0/15 (0) 14/39 (36) 14/52 (27) 0/19 (0) 
0/0 (0) 
† considered ‘established’ and counted if the corresponding statistical test was significant. Abbreviation: EBP, Evidence-based practice.  
Definitions: inter-rater reliability, the degree to which the measurement is free from measurement error; content validity, external review of the instrument by EBP experts; 
internal validity, includes both internal consistency (i.e. the degree of the interrelatedness among the items) and dimensionality (i.e. factor analysis to determine if the instrument 
measured a unified latent construct); responsive validity, ability to detect the impact of  EBP ; discriminative validity, ability to discriminate between participants with different 
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Table 4.3 High quality instruments (achieved ≥3 types of established validity evidence) used in some of the included studies. 
Source 
instrument 






steps*  Instrument Description 
Type of validity/ reliability  
evidence 
Ramos et al 
200311  
(Fresno Test) 
43 Family practice 
residents and faculty 
members, 53 experts 
in EBM, and 19 family 
practice teachers (US). 
Knowledge 
and skills 
1,2,3 The Fresno test was originally developed and validated to 
assess medical professionals’ knowledge and skills in EBP, 
however, it has been adapted for use in other health 
disciplines (e.g. occupational therapy22, physical 
therapy23, and pharmacy24) and in other languages (e.g. 
Brazilian-Portuguese version25).  
It consists of two clinical scenarios with 12 open-ended 
questions. It needs about 40-60 minutes to complete and 
10-15 minutes to mark using standardised grading rubrics 






Fritsche et al 
200212;  
Akl et al 200426 
(Berlin 
Questionnaire) 
43 experts in EBM, 20 
medical students, 203 
participants in EBP 
course (Germany);  
49 Internal medicine 
residents in Non-
randomized 




1,2,3 The Berlin questionnaire was developed and validated to 
assess EBP knowledge and skills in medicine, but has been 
translated and validated in other languages (e.g. Dutch27). 
It consists of two separate sets of 15 multiple choice 
questions with 5 response option each, which mainly 
focus on epidemiological knowledge and skills (scores 






Ilic et al. 201419 
(ACE tool) 
342 medical students: 
98 EBM-novice, 108 
EBM-intermediate 




1,2,3 ACE tool was also developed and validated to assess EBP 
knowledge and skills in medicine and consists of 15 
dichotomous-choice (yes or no) questions, based on a 
short patient scenario, a relevant search strategy and a 






Taylor et al. 
200118; 
Bradley et al 
200528; Sánchez-
152 health care 
professionals (UK); 




2,3 Part I: 6 multiple-choice questions each with three items, 
with 3 potential answers, each requiring a true, false, or 
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Mendiola et al 
201229 (Spanish 
version) 
(Norway); 289 medical 
students (Mexico) 
Part II: 7 statements related to the use of evidence in 
practice, and each scored using a five-point Likert scale; 
the range of scores is 7 to 35. 
Responsive 






219 general practice 
(GP) trainees, 20 
hospital trainees, 20 
GP supervisors, 
and 8 expert 




Knowledge 3,4 Two formats: two sets of 25 comparable questions (6 
open-ended and 19 multiple-choice questions) and a 
combined set of 50 questions. Multiple-choice question 
scored 1 for correct and 0 for incorrect answer. Open-
ended questions scored 0 to 3. Scores ranged from 0-33 
for set A and 0-34 for set B.  
Content  




MacRae et al 
200421 
44 Surgery residents 
(Canada) 
Skill 3 3 Journal articles, each followed by a series of short-
answer questions and 7-point scales to rate the quality of 
elements of the study design; short-answer questions 
based on cards from an EBP textbook (Evidence-Based 
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3.5 Discussion 
Our systematic review of controlled studies of EBP educational interventions found that only 
12% of interventions taught content that covered all five EBP steps. Over half of the 85 EBP 
educational studies did not use a high quality instrument to measure their outcomes of 
interest. Only six high quality EBP instruments were used in the included studies, but none 
were designed to evaluate all five EBP steps.   
Although few of interventions taught content that covered all five EBP steps, increasing 
recognition of the importance of the “apply” step of EBP through processes such as shared 
decision making may account for increased coverage of the fourth step in more recent years30.  
This is the first systematic review that we are aware of to evaluate the instruments used in 
EBP educational studies. However, there are a number of previous systematic reviews that 
have identified and evaluated all available EBP instruments (whether used in controlled 
educational studies or not), and these also found only a small number of high quality 
instruments. Shaneyfelt et al identified 104 unique instruments for evaluating the 
effectiveness of EBP training, the majority of which were developed or tested with medical 
students or trainees. Seven of the 104 instruments identified in Shaneyfelt and colleagues’ 
review were recognised as high quality instruments (i.e. supported by established inter-rater 
reliability, objective outcome measures, and three or more types of established validity)10.  
Thomas et al found that only the Fresno test has been assessed with more than one group of 
family physician residents and reported a full set of validity and reliability measures31. Leung 
et al identified 24 different instruments for measuring EBP knowledge, skills and attitude 
among nurses, and found that only one (the revised EBPQ32) had adequate validity for 
measuring knowledge, skills and attitudes in EBP33. Oude et al found that of 160 EBP 
instruments for assessing EBP behaviour (i.e. only one of the seven outcome domains that we 
addressed) among health professionals, no instruments have established validity and 
reliability that assessed all five EBP steps34. 
The CREATE framework proposed guidance for developing new EBP instruments by 
purposively classifying the assessment domains (e.g. self-efficacy, knowledge, skills) and types 
(e.g. self-report, performance assessment) within the five EBP steps13. Development and 
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agreement on a core set of valid and reliable recommended instruments to measure outcome 
domains is essential to reliably establish the effectiveness of EBP educational interventions. 
This would include evaluation of previously developed validated EBP instruments (e.g. Fresno 
test, Berlin Questionnaire) across health disciplines, and translation of these tools into other 
languages using standardised methods. EBP instruments measuring the clinicians’ use of EBP 
processes in practice (e.g. frequency of search for evidence) are needed. Innovative new 
approaches to evaluate EBP teaching (e.g. objective structured clinical examination35, use of 
standardised patients within the context of a performance-based examination36, use of audio-
recording in clinics37) that balance robustness with feasibility should be explored. Despite the 
ultimate goal of EBP education being to improve the quality of care and patient outcomes, it 
is nearly impossible to measure this38. In a systematic review of 599 research articles 
published in three major medical education journals, patient outcomes accounted in only 
0.7% of all articles39. Some of the factors that can impede measuring the impact of EBP 
education on the quality of care and patient outcomes include: the impact of educational 
interventions is often latent and distant; and the dominant role of the overarching team and 
health care system on quality of care and patient outcomes40,41.  
Similar to previous studies7,8, we found that the majority of evaluated EBP educational 
interventions focus on critically appraising evidence (EBP Step 3), often to the exclusion of 
other steps (i.e. apply and reflect). If EBP educational interventions remain mostly focused on 
teaching how to locate and appraise evidence, research evidence may be poorly translated 
into clinical practice. Instead, greater emphasis should be placed on teaching learners how to 
apply and the evidence in collaboration with individual patients such as through shared 
decision making. An International consensus statement of core competencies in EBP for 
health professionals has been recently developed and includes 68 core competencies that 
should be taught in EBP educational programs42. This may help to harmonise the content of 
EBP educational interventions, and with possibly flow-on effect to the measured outcomes.  
This systematic review has a number of limitations. We may have missed some relevant 
studies by using citation analysis as the searching method. However, the accuracy rate of 
citation analysis has been found to be acceptable43,44. For instance, using this technique, 
Janssens and Gwinn identified 94% [75-100%] of all articles included in 10 systematic reviews 
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are unlikely to be affected. Screening and data extraction were performed by one author, and 
multiple researchers independently extracted data from only a random sample of 20 articles. 
Another limitation is that we might have inaccurately rated the psychometrics properties of 
EBP instruments as for some instruments this judgement was limited by inadequate reporting 
of the results of psychometric testing. 
Our findings have a number of implications for health educators and researchers. EBP 
educators should identify specific assessment tools (for formative and summative use) that 
provide accurate, reliable, and timely evaluation of the EBP education being provided and 
map these assessment tools to the EBP domains targeted. If necessary, educators may need 
to develop appropriate assessment tools designed specifically to evaluate the identified gaps 
in EBP assessment tools (e.g. EBP step 4: apply), and recognise the need to evaluate the 
psychometric properties of any tools developed.  
4.6 Conclusions 
After over two decades of EBP teaching which has spread across professions and clinical 
settings, the majority of evaluated EBP educational interventions remain focussed on critically 
appraising evidence (EBP Step 3), often to the exclusion of other steps (i.e. apply and reflect). 
There are few validated instruments that have been developed and utilised in EBP educational 
intervention studies; and these predominantly focus on certain domains (i.e. knowledge and 
skills) and EBP steps (i.e. appraise). This might limit the ability to evaluate the impact of EBP 
educational interventions.  
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Preamble 
The previous chapter showed considerable differences in the EBP content covered and 
outcome measures used in EBP educational interventions, with the majority focus on 
critically appraising evidence often to the exclusion of other steps. The findings of the 
study presented in this chapter offer avenue to overcome the previously described 
challenges, by developing a consensus-based, contemporary set of EBP core competencies 
that may benchmark standards for EBP teaching and harmonise the content of EBP 
educational interventions.  
This chapter contains an article entitled “Core Competencies in Evidence-Based Practice for 
Health Professionals: Consensus Statement Based on a Systematic Review and Delphi 
Survey”, published in JAMA Network Open on June 2018. It develops a consensus set of 
minimum core competencies in EBP that health professionals should achieve. 
Work arising from this chapter was also presented in oral form at the 8th EBHC 
International Conference in Italy, the 7th annual Conference of the International Society 
for Evidence-Based Health Care in the UAE, and at the 2018 the Australian and New 
Zealand Association for Health Professional Educators conference in Tasmania. I have been 
awarded the 2018 Australian and New Zealand Association for Health Professional 
Educators post-graduate student awards for this research project.   
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.  Key Points 
Question What are the core competencies in evidence-based practice (EBP) that health 
professionals should meet? 
Findings In this systematic, multistage, modified Delphi survey study, a contemporary set 
of 68 core competencies in EBP grouped into the main EBP domains was developed. 
Meaning This consensus statement of the core competencies in EBP should inform the 
development of EBP curricula for health professionals. 
.2 Abstract 
Importance 
Evidence-based practice (EBP) is necessary for improving the quality of health care as well 
as patient outcomes. Evidence-based practice is commonly integrated into the curricula of 
undergraduate, postgraduate, and continuing professional development health programs. 
There is, however, inconsistency in the curriculum content of EBP teaching and learning 
programs. A standardised set of minimum core competencies in EBP that health 
professionals should meet has the potential to standardise and improve education in EBP. 
Objective 
To develop a consensus set of core competencies for health professionals in EBP. 
Evidence 
Review  For this modified Delphi survey study, a set of EBP core competencies that should 
be covered in EBP teaching and learning programs was developed in 4 stages: (1) 
generation of an initial set of relevant EBP competencies derived from a systematic review 
of EBP education studies for health professionals; (2) a 2-round, web-based Delphi survey 
of health professionals, selected using purposive sampling, to prioritise and gain consensus 
on the most essential EBP core competencies; (3) consensus meetings, both face-to-face 
and via video conference, to finalise the consensus on the most essential core 
competencies; and (4) feedback and endorsement from EBP experts. 
128 
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Findings 
From an earlier systematic review of 83 EBP educational intervention studies, 86 unique 
EBP competencies were identified. In a Delphi survey of 234 participants representing a 
range of health professionals (physicians, nurses, and allied health professionals) who 
registered interest (88 [61.1%] women; mean [SD] age, 45.2 [10.2] years), 184 (78.6%) 
participated in round 1 and 144 (61.5%) in round 2. Consensus was reached on 68 EBP core 
competencies. The final set of EBP core competencies were grouped into the main EBP 
domains. For each key competency, a description of the level of detail or delivery was 
identified. 
Conclusions and Relevance 
A consensus-based, contemporary set of EBP core competencies has been identified that 
may inform curriculum development of entry-level EBP teaching and learning programs 
for health professionals and benchmark standards for EBP teaching. 
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5.3 Introduction 
The term evidence-based medicine was first developed in the field of medicine in the early 
1990s, but as its use expanded to include other health disciplines, it became known as 
evidence-based practice (EBP). Evidence-based practice provides a framework for the 
integration of research evidence and patients’ values and preferences into the delivery of 
health care1,2. Implementation of EBP principles has resulted in major advances in 
improving the quality of delivered health care as well as patient outcomes. The last 20 
years have seen EBP increasingly integrated as a core component into the curriculum of 
undergraduate, postgraduate, and continuing education health programs worldwide3,4. 
Many national registration bodies and accreditation councils (e.g. the Accreditation 
Council for Graduate Medical Education in the United States) expect that all clinicians (i.e. 
health professionals and learners of any discipline) should be competent in EBP5. The 
National Academy of Medicine (formerly the Institute of Medicine), an independent, 
nongovernmental, nonprofit organisation that provides advice, counsel, and independent 
research on major topics in health care, has recognised EBP as one of the core 
competencies necessary for continuous improvement of the quality and safety of health 
care6. 
Although many teaching strategies have been used and evaluated, a lack of EBP knowledge 
and skills is still one of the most commonly reported barriers to practicing EBP7,8. One of 
the potential explanations is the inconsistency in the quality and content of the EBP 
teaching programs9 (also L.A., P.G., T.H., unpublished data, 2018). A standardised set of 
core competencies in EBP for clinicians and students may therefore improve EBP teaching 
and learning programs as well as EBP knowledge and skills10. 
Core competencies have been defined as the essential minimal set of a combination of 
attributes, such as applied knowledge, skills, and attitudes, that enable an individual to 
perform a set of tasks to an appropriate standard efficiently and effectively11. Core 
competencies offer a common shared language for all health professions for defining what 
all are expected to be able to do to work optimally. 
Recognising it as a promising way of reforming and managing medical education and 
ultimately improving quality of care12,13, the Institute of Medicine report Health 
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Professions Education: A Bridge to Quality endorsed competency-based education across 
the health professions4. Implementation of competency-based education involves the 
identification of core competencies, designing curricula and teaching programs that clearly 
articulate the attributes underpinning each core competency, and developing assessment 
tools that provide a valid and reliable evaluation of these core competencies14. 
A clear outline of core competencies is critical in any health care education setting, as it 
informs the blueprinting of a curriculum, including learning outcomes, assessment 
strategies, and graduate attributes15-17. Therefore, defining core competencies is a priority 
in health care education11,18-22. Unaware of any systematically derived set of core 
competencies in EBP, we set out to remedy this deficiency. The objective of this study was 
to develop a consensus-based set of core EBP competencies that EBP teaching and learning 
programs should cover. 
5.4 Methods 
We conducted a multistage, modified Delphi study, in which we (1) generated, from a 
systematic review, an initial set of potential competencies to be considered for inclusion 
in the EBP core competencies set; (2) conducted a 2-round modified Delphi survey to 
prioritise and gain consensus on the most essential EBP core competencies; (3) held a 
meeting to finalise the consensus on the set of EBP core competencies; and (4) sought 
feedback and endorsement from EBP experts and planned for dissemination. 
Generation of an Initial Set of Relevant EBP Competencies 
We previously completed a systematic review of EBP educational studies, following 
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting 
guidelines. Studies were eligible if they were controlled (that is, had a separate group for 
comparison) and had investigated the effect of EBP education among clinicians 
(irrespective of the level of training, profession, or intervention format). Of 1682 articles 
identified, we screened 714 titles and abstracts for eligibility. Of these, 286 full-text articles 
were obtained for review, and 83 articles proved eligible. Results of the review, rather than 
competencies, are reported elsewhere23. We reviewed included studies to identify EBP 
competencies addressed in these studies. In addition, EBP curricula and key statements 
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(e.g. Sicily statement on EBP24, Institute of Medicine reports4, and the Informed Health 
Choice key concepts25,26) were identified by contacting experts in this field and reviewing 
suggested documents. These were reviewed for relevant EBP competencies, which were 
defined as “attributes such as applied knowledge, skills and attitudes that enable an 
individual to perform a set of tasks to an appropriate standard efficiently and 
effectively.”11 Three of us (L.A., T.H., and P.G.) independently extracted EBP competencies 
from a random sample of 20 articles and continued discussion until consensus was 
attained. Afterward, one of us (L.A.) extracted EBP competencies from the rest of the 
included articles. These authors reviewed this set of initial EBP competencies for 
duplication, overlap, and clarity, leaving uniquely specified competencies. The same 3 
authors grouped these competencies into the relevant EBP steps (introductory, ask, 
acquire, appraise and interpret, apply, and evaluate). Supplementary material 5.1 
presents detailed methods of this stage. 
Two-Round Delphi Survey 
We used a modified 2-round Delphi survey to obtain the input of a broad range of experts 
and stakeholders on the most essential EBP core competencies27-30. We used a purposive 
and snowball sampling approach to invite clinicians who had significant experience in 
teaching and/or practicing EBP to register their interest in participating in our Delphi 
survey (February 2017). We sent email invitations to the evidence-based health care 
listserv and other networks of national and international evidence-based health societies 
and posted announcements on social media (e.g. Twitter and Facebook). 
Figure 5.1 illustrates the process of the modified Delphi survey. The round 1 survey 
(March-April 2017) consisted of 86 competencies grouped into EBP steps (introductory, 
ask, acquire, appraise and interpret, apply, and evaluate). We invited participants who 
responded and registered their interest to participate in round 1. Participants rated the 
relative importance of each competency as “omitted: is not a priority to be included in an 
EBP teaching program,” “mentioned: should be just mentioned in an EBP teaching program 
(i.e. provide common knowledge of the competency),” “explained: should be briefly 
explained in an EBP teaching program (i.e. provide understanding of the competency but 
without practical exercises),” or “practiced with exercises: should be practiced with 
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exercises in an EBP teaching program (i.e. provide a detailed understanding of the 
competency, enhanced with practical exercises).” We chose this rating scale to reflect the 
desired learning outcome and clinical competence (i.e. Miller’s Pyramid of Clinical 
Competence31) and the required level of detail and time commitment to be delivered. For 
round 2, we retained EBP competencies that attained a predefined consensus level of at 
least 70% of participants per competency or a combined rating of greater than or equal to 
85% across 2 rating categories (e.g. combined rating of mentioned and e plained ≥ ). 
Participants who responded and completed the round 1 survey were invited to participate 
in round 2 (May-June 2017). For this round, we revised the retained competencies based 
on feedback from participants and arranged them into 5 groups (Figure 5.1). Group A 
included competencies that a predefined consensus (≥ ) agreed should be practiced 
with exercises or explained or mentioned; participants were advised that these would be 
included in the final set of core competencies unless strong objection was received in that 
round. Groups B, C, and D were competencies that did not achieve the predefined 
consensus level in round  but most (≥ ) agreed should be practiced ith e ercises or 
explained; explained or mentioned; or mentioned or omitted, respectively. Participants in 
round 2 were asked to rate whether these competencies should be practiced with 
exercises or explained, explained or mentioned, or mentioned or omitted. Group E 
included new competencies that were suggested by round 1 participants, who then rated 
them omitted, mentioned, explained, or practiced with exercises. 
Survey Monkey, a web-based survey service, provided the platform for the surveys. In both 
rounds, participants were given a chance to suggest additional competencies, argue for or 
against proposed competencies, and comment on competency wording and 
comprehension. We obtained ethics approval for this study from the Human Research 
Ethics Committee at Bond University. Participants were informed that consent was 
assumed if they responded to the survey. Detailed methods of the Delphi survey are 
presented in Supplementary materials 5.2 through 5.4. 
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Figure 5.1. Flow Diagram of the Process of Developing the Set of Evidence-Based Practice (EBP) 
Core Competencies 
Participants in the 2-round Delphi survey rated the relative importance of each competency as “omitted: is not a 
priority to be included in an EBP teaching program,” “mentioned: should be just mentioned in an EBP teaching 
program (i.e. provide common knowledge of the competency),” “explained: should be briefly explained in an EBP 
teaching program (i.e. provide understanding of the competency but without practical exercises),” or “practiced with 
exercises: should be practiced with exercises in an EBP teaching program (i.e. provide a detailed understanding of the 
competency, enhanced with practical exercises).” 
Consensus Meeting and Postmeeting Activities 
A 2-day consensus meeting (July 10-11, 2017) was organised by the Centre for Research in 
Evidence-Based Practice (L.A., T.H., and P.G.) and involved 10 participants purposively 
chosen to represent a range of health professions, experience in teaching EBP, 
geographical locations, and representation of EBP societies and organisations. We 
presented the results of the systematic review and the 2-round Delphi survey. Following 
presentation of the results, the group participated in focused discussions addressing the 
proposed set of core competencies and made final decisions on the inclusion of each 
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competency and its wording and description. To ensure that the consensus set of 
competencies reflected the decisions made, participants reviewed a document presenting 
the consensus set of competencies after the meeting. To ensure the validity, applicability, 
utility, and clarity of the competencies, we sent the final set of EBP core competencies for 
external feedback to 15 EBP experts (purposively identified to represent different EBP 
organisations and societies, including the International Society for Evidence-Based Health 
Care board members). Based on feedback from EBP experts, we further revised the 
wording and explanation of the competencies. All coauthors were emailed the draft 
document and provided minor wording suggestions. 
5.5 Results 
Generation of an Initial Set of Relevant EBP Competencies 
We identified 234 EBP competencies, which decreased to 86 unique competencies after 
removal of duplicates. Supplementary materials 5.5, 5.6 and 5.7 present details. 
Delphi Survey and Consensus Meeting 
Of the 234 individuals who registered their interest (88 [61.1%] women; mean [SD] age, 
45.2 [10.2] years), 184 (78.6%) participated in round 1 of the Delphi survey, and 144 
participated in round 2 (61.5%, or 78.3% of round 1 participants). Of the 144 round 2 
participants, 88 (61.1%) were women, 63 (43.8%) were 30 to 44 years old, 60 (41.7%) were 
45 to 59 years old, and 115 (79.9%) currently taught EBP, with a mean (SD) of 10.9 (7.4) 
years of EBP teaching experience. Participants were from 28 different countries. In total, 
59 participants (41.0%) were medical professionals (not including nurses, who were 
categorised separately) and 56 (38.9%) were allied health professionals. More than one-
third of participants (n  3 . ) had both clinical and academic (teaching or research) 
roles. he ma ority (n  . ) ere or ing in a university setting  and 3 
participants (36.8%) worked in hospitals (Table 5.1). 
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Table 5.1. Characteristics of Participants in Each Stage of Modified Delphi Survey. Values are 




interest (n = 234) 
Delphi Round 1 
(n = 184) 
Delphi Round 2 
(n = 144) 
Age, mean (SD), y 45.2 (10.2) NA NA 
<30 NA 4 (2.2) 4 (2.8) 
30-44 NA 83 (45.1) 63 (43.8) 
45-59 NA 75 (40.8) 60 (41.7) 
60+ NA 22 (12.0) 17 (11.8) 
Female 141 (60.3) 110 (59.8) 88 (61.1) 
Countries and continents 36 countries (12 
Europe, 13 Asia, 4 
Africa, 6 Americas, 
and Australia) 
32 countries (11 
Europe, 12 Asia, 3 
Africa, 5 Americas, 
and Australia) 
28 countries (11 
Europe, 10 Asia, 2 
Africa, 4 Americas, 
and Australia) 
Australia 57 (24.4) 59 (32.1) 45 (31.3) 
United Kingdom 55 (23.5) 41 (22.3) 31 (21.5) 
United States 27 (11.5) 21 (11.4) 22 (15.3) 
Others 95 (40.6) 59 (32.1) 46 (31.9) 
Health discipline 
Medicine 80 (34.2) 75 (40.8) 59 (41.0) 
Nursing 33 (14.1) 26 (14.1) 18 (12.5) 
Allied health 66 (28.2) 72 (39.1) 56 (38.9) 
Others 56 (23.9) 13 (7.1) 11 (7.6) 
Current Rolea 
Teaching 178 (76.1) 145 (78.8) 112 (77.8) 
Clinical 160 (68.4) 140 (76.1) 110 (76.4) 
Research 106 (45.3) 68 (37.0) 50 (34.7) 
Setting or Institutiona 
University NA 148 (80.4) 118 (81.9) 




21 (11.4) 15 (10.4) 
Currently teaching EBP 183 (78.2) 147 (79.9) 115 (79.9) 
EBP teaching experience, 
mean (SD), y 
NA 10.5 (7.4) 10.9 (7.4) 




Abbreviations: EBP, evidence-based practice; NA, not available. 
a Participants could choose more than 1 option. 
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fter round   competencies attained the predefined consensus level (≥ ) (group )  
 competencies ere rated by the ma ority (≥ ) practiced ith e ercises or e plained 
(group )   ere rated by the ma ority (≥ ) e plained or mentioned (group ); 4 were 
rated by the ma ority (≥ ) mentioned or omitted (group )  and  ne  competencies 
were suggested by participants (group E). After round 2, 48 competencies had achieved 
the consensus level (≥ )   competencies ere rated as practiced ith e ercises; 20 as 
explained; and 8 as mentioned. In total, 29 competencies did not achieve the a priori 
consensus level and were retained for further discussion at the consensus meeting; 20 
were subsequently included. Figure 5.1 illustrates the results of the modified Delphi 
survey. Supplementary materials 5.8 and 5.9 present detailed results of rounds 1 and 2. 
Core Competencies in EBP 
After the 2 rounds of Delphi survey and the consensus meeting, a total of 68 competencies 
achieved consensus for inclusion in the final set of EBP core competencies. Table 5.2 
presents the final set of EBP core competencies (Supplementary material 5.10 includes 
the set and an elaboration of each competency). The final set of EBP core competencies 
are grouped into the main  domains  introductory (n )  as  (n 3)  acquire (n )  
appraise and interpret (n )  apply (n )  and evaluate (n ). e also provide a 
description of each key competency and the level of detail or delivery for each one (a proxy 
of the time that should be dedicated to teaching each competency—M, mentioned; E, 
explained; and P, practiced with exercise). We found that most of the core competencies 
could be classified within the 5-step model of EBP, which is also used by the Sicily 
statement24, except for the introductory competencies, which we therefore retained. 
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Table 5.2. Final Set of EBP Core Competencies Grouped Into the Main EBP Domains 
EBP Core Competencies Rating 
0. Introductory
0.1 Understand EBP defined as the integration of the best research evidence with 
clinical expertise and patient’s unique values and circumstancesa 
E 
0.2 Recognise the rationale for EBP M 
This competency includes the need to recognise 
The daily clinical need for valid information to inform decision making, and the 
inadequacy of traditional sources for this information 
M 
The disparity between diagnostic skills and clinical judgment, which increase with 
experience, and up-to-date knowledge and clinical performance, which decline with age 
and experience 
M 
Lack of time to find and assimilate evidence as a clinician M 
The gaps between evidence and practice can lead to suboptimal practice and quality of 
care. 
M 
The potential discordance between a pathophysiological and empirical approach to 
thinking about whether something is effectivea 
M 
0.3 For each type of clinical question, identify the preferred order of study designs, 
including the pros and cons of the major study designsa 
E 
This competency includes 
Classify the major study designs for each type of clinical question E 
0.4 Practice the 5 steps of EBP: ask, acquire, appraise and interpret, apply, and evaluatea P 
0.5 Understand the distinction between using research to inform clinical decision 
making vs conducting researcha 
M 
1. Ask
1.1 Explain the difference between the types of questions that cannot typically be 
answered by research (background questions) and those that can (foreground)a 
E 
1.2 Identify different types of clinical questions, such as questions about treatment, 
diagnosis, prognosis, and aetiologya 
P 
1.3 Convert clinical questions into structured, answerable clinical questions using PICOa P 
This competency includes 
Recognise the importance of and strategies for identifying and prioritising uncertainties 
or knowledge gaps in practice 
M 
Understand the rationale for using structured clinical questions E 
Identify the elements of PICO questions and use variations of it when appropriate (e.g. 
PICOT, PO, PECO-Exposure) to structure answerable clinical questions 
P 
2. Acquire
2.1 Outline the different major categories of sources of research information, including 
biomedical research databases or databases of filtered or preappraised evidence or 
resourcesa 
E 
This competency includes: 
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Indicate the differences between the hierarchy of evidence, level of processing of 
evidence, and types of EBM resourcesa 
E 
2.2 Construct and carry out an appropriate search strategy for clinical questionsa P 
This competency includes 
Know where to look first to address a clinical question P 
When necessary, construct a search strategy that reflects the purpose of the searcha P 
Apply a general search strategy including the use of search terms, and the role of 
Boolean operators; truncation; and search filters for more efficient searchesa 
E 
2.3 State the differences in broad topics covered by the major research databases M 
2.4 Outline strategies to obtain the full text of articles and other evidence resourcesa E 
3. Appraise and Interpret
3.1 Identify key competencies relevant to the critical evaluation of the integrity, 
reliability, and applicability of health-related research 
E 
This competency includes 
Understand the difference between random error and systematic error (bias)a E 
Identify the major categories of bias and the impact of these biases on the resultsa E 
Interpret commonly used measures of uncertainty, in particular, confidence intervalsa P 
Recognize that association does not imply causation and explain whya E 
Recognise the importance of considering conflict of interest/funding sources M 
Recognise the uses and limitations of subgroup analysis and how to interpret its resultsa M 
3.2 Interpret different types of measures of association and effect, including key 
graphical presentationsa 
P 
This competency includes 
Identify the basic types of data such as categorical and continuousa E 
Recognise the meaning of some basic frequency measures M 
Identify the difference between "statistical significance" and "importance", and 
between a lack of evidence of an effect and ‘evidence of no effect’a 
E 
3.3 Critically appraise and interpret a systematic reviewa P 
This competency includes 
Recognise the difference between systematic reviews, meta-analyses, and non-
systematic reviewsa 
M 
Identify and critically appraise key elements of a systematic review P 
Interpret presentations of the pooling of studies such as a forest plot and summary of 
findings table 
P 
3.4 Critically appraise and interpret a treatment studya P 
This competency includes 
Identify and appraise key features of a controlled trial P 
Interpret the results including measures of effect P 
Identify the limitations of observational studies as treatment studies, and recognise the 
basics of adjustment methods and its limitations 
E 
3.5 Critically appraise and interpret a diagnostic accuracy studya P 
This competency includes 
Identify and appraise key features of a diagnostic accuracy study P 
Interpret the results including interpret measures to evaluate diagnostic accuracya P 
Recognise the purpose and use of clinical prediction rules M 
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3.6 Distinguish evidence-based from opinion-based clinical practice guidelinea P 
3.7 Identify the key features of, and be able to interpret, a prognostic study E 
This competency includes 
Identify and appraise key features of a prognostic study E 
Interpret the results including measures of effect (e.g., Kaplan Meier survival curves) 
and uncertainty 
E 
Recognise the purpose and use of clinical prediction rules M 
3.8 Explain the use of harm/aetiologies study for (rare) adverse effects of interventionsa E 
This competency includes 
Indicate that common treatment harms can usually be observed in controlled trials, but 
some rare or late harms will only be seen in observational studies  
E 
3.9 Explain the purpose and processes of a qualitative study E 
This competency includes 
Recognise how qualitative research can inform the decision making process M 
4. Apply
4.1 Engage patients in the decision making process, using shared decision making, 
including explaining the evidence and integrating their preferencesa 
P 
This competency includes 
Recognise the nature of the patient’s dilemma, hopes, expectations, fears, and values 
and preferences 
M 
Understand and practice shared decision making P 
Recognise how decision support tools such as patient decision aids can assist in shared 
decision making 
M 
4.2 Outline different strategies to manage uncertainty in clinical decision making in 
practice  
E 
This competency includes 
Recognise professional, ethical, and legal components/dimensions of clinical decision 
making, and the role of clinical reasoning 
M 
4.3 Explain the importance of baseline risk of individual patients when estimating 
individual expected benefit 
E 
This competency includes: 
Recognise different types of outcome measures (surrogate vs composite endpoints 
measures) 
M 
4.4 Interpret the grading of the certainty in evidence and the strength of 
recommendations in health care 
E 
5. Evaluate
5.1 Recognise potential individual-level barriers to knowledge translation and strategies 
to overcome these 
M 
This competency includes: 
Recognise the process of reflective clinical practice. M 
5.2 Recognise the role of personal clinical audit in facilitating EBP  M 
Abbreviations: E, explained; EBP, evidence-based practice; M, mentioned; P, practiced with exercises; PECO, population, 
exposure, comparison, outcome; PICO, patient, intervention, comparison, outcome; PICOT, patient, intervention, 
comparison, outcome, time; PO, patient, outcome. 
a indicates core competencies that achieved the consensus level in Delphi round 2.  
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5.6 Discussion 
This study was a rigorous process, which involved integrating evidence from a systematic 
review, conducting a modified Delphi survey, holding a consensus meeting, and receiving 
external feedback from EBP experts, to achieve consensus on the most essential core 
competencies that should be taught in EBP educational programs for clinicians and 
students. The final consensus set includes 68 core competencies. 
A previous study has developed a set of EBP competencies, but it was limited to a single 
discipline (nursing) and country (United States) and did not use a systematic review to 
inform the Delphi survey32. Some competencies appear in this previously identified set 
(e.g. critical appraisal of a research article, formulate a clinical question using PICO 
[patient, intervention, comparison, outcome]). However, our competencies are more 
specific and extend to include the application of evidence, including through shared 
decision making, and evidence implementation at the individual clinical level. The set of 
EBP core competencies highlights the required level of detail needed (i.e. mentioned, 
explained, and practiced with exercises) for each EBP competency as a proxy for the 
amount of time that should be dedicated to each. Additionally, we view this set of EBP 
core competencies as a contemporary and dynamic set. As the field matures, new 
competencies will undoubtedly need to be added, and others removed. For instance, 
shared decision making and the Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach are 2 recent competencies that were not taught in EBP 
curricula previously. We plan to review this set periodically and welcome any feedback. 
With the increased availability of trustworthy preappraised evidence resources, clinicians 
can practice EBP without being fully competent in detailed critical appraisal of individual 
studies. What they must know, however, is how to critically interpret and apply the results 
presented in these preappraised sources33,34. This full understanding is necessary to trade 
off desirable and undesirable consequences, particularly when they are closely balanced. 
Furthermore, shared decision making requires clearly communicating about the trade-offs 
with patients. However, clinicians may still sometimes need to critically appraise individual 
studies (for example, when there are no trusted preappraised resources that answer a 
clinical question, or when a new study challenges their current practice). In addition, skills 
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in critical appraisal are helpful in determining the trustworthiness of preappraised 
evidence. 
The core competencies should be suitable to inform the curricula for an introductory 
course in EBP for clinicians of any level of education and any discipline. The competencies 
provide building blocks for EBP educators to use to develop their own curriculum, tailored 
to local learning needs, time availability, discipline, and the previous EBP experience of the 
learners. Competencies are unlikely to be exhaustive or tailored to the specific needs of 
any one discipline. However, some of the competencies might be more relevant to one 
discipline than another (e.g. diagnosis is more relevant to the discipline of medicine than 
to others). The order of the EBP core competencies in the set does not reflect the order of 
their importance or sequence in teaching. Educators can modify their approach to teaching 
these competencies based on case-based scenarios or articles, and it is likely that optimal 
communication of competencies will require teaching in more than one setting using a 
number of different scenarios and/or articles. For example, a teaching session can be 
initiated using an equivocal risk-benefit balance case scenario and teaching the shared 
decision-making skills needed, providing patient decision aids where possible. Then, 
teachers can explain the evidence incorporated into the decision aids and the derivation 
and interpretation of quantities, such as absolute risk difference and number needed to 
treat or harm. 
Educators and curriculum developers in EBP are encouraged to evaluate the content of 
their current curriculum and integrate these competencies into it. Educators may find 
mapping core competencies to existing curricula will allow identification of any gaps in the 
coverage of essential content. Programs can address other additional advanced 
competencies (e.g. implementation science, economic analysis) depending on the needs 
and desires of their learners. 
This set of core competencies in EBP represents just one of several needed steps for the 
implementation of competency-based EBP education. Dissemination and integration of 
this set of core competencies in academic and clinical practice may assist in delivering a 
more uniform and harmonised education to EBP learners. Open access online databases 
of learning resources (e.g. the Critical Thinking and Appraisal Resource Library [CARL])35 
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represent an important resource to enhance the sharing and accessibility of learning 
resources relevant for the EBP core competencies. 
The development of appropriate assessment tools to evaluate the identified EBP 
competencies is challenging but useful for monitoring learners’ progress in each of the 
competencies or evaluating the effectiveness of different teaching methods. A systematic 
review of 85 studies evaluating EBP educational interventions found that more than half 
of the included studies did not use a psychometrically robust, high-quality instrument to 
measure their outcomes (L.A., P.G., T.H., unpublished data, 2018). Therefore, EBP 
education researchers should identify, and if necessary develop, specific assessment tools 
(both formative and summative) that provide accurate, reliable, and timely evaluation of 
the EBP competencies of learners. Future work should also focus on defining core 
competencies needed for each training level and comparing different modalities (including 
the sequence) when teaching these competencies. 
Limitations 
A key strength of the study is the systematic review and Delphi survey approach to 
achieving international consensus about a contemporary set of core competencies in EBP 
curricula. Although we selected Delphi participants to represent a diverse range of health 
professions and expertise, they may not adequately represent the full spectrum of views 
held by individuals within a single profession. 
5.7 Conclusions 
Based on a systematic consensus process, a set of core competencies in EBP to inform the 
development of EBP curricula for health professional learners has been developed and 
described. 
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Supplementary material 5.1 
eMethods 1 Detailed methods of the systematic review of EBP educational studies for 
health professionals presented in Chapter 5. 
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Background and Objectives 
Evidence-Based Practice (EBP) has the potential to improve the quality of healthcare as well as the patients’ 
outcomes. Thus, EBP is integrated in the curricula of undergraduate, postgraduate, and continuing 
healthcare education. However, there are huge variations in the content of EBP training programs and 
curricula. There is no agreement on the most essential core competencies in EBP that clinicians should learn 
in order to achieve the ultimate potential benefits of practicing EBP. We previously conducted a systematic 
review of studies which had evaluated the effect of EBP educational interventions. For this study, we 
identified EBP competencies addressed in included studies. 
Eligibility criteria (Study design, population, intervention, and outcomes) 
Design: controlled trials (must have had a separate group for comparison, e.g. randomized controlled trials 
or non-randomized controlled trials); 
Population: any health professionals irrespective of the discipline or the level of training (undergraduate, 
postgraduate, or continuous professional development);  
Intervention: any format or mode of EBP educational intervention (e.g. workshop, course, journal club) 
which aimed to teach at least one component of the main EBP steps (ask, acquire, appraise, apply and 
assess), compared to either no intervention or other intervention (e.g. comparing different methods of EBP 
training);  
Outcomes: any measure of EBP knowledge or skills or attitudes or behaviors or practice.  
Search strategy  
We used the citation analysis technique to identify the studies of EBP educational interventions (until March 
2017). Citation analysis is an alternative to the time-consuming and the complex nature of the standard 
search strategies, and has an acceptable accuracy rate. The index articles for our citation analysis were 
studies in a recent overview of the effect of EBP teaching - both the included systematic reviews and the 
included primary studies investigating the effect of evidence-based practice. We tracked forward and 
backward citations of these index articles using the Web of Science database. No language restrictions were 
applied. The Cochrane highly sensitive search filter for identifying controlled trials (sensitivity-maximizing 
version; 2008) was applied.  In addition, the reference lists of included studies were also reviewed and 
additional eligible studies were included for full text assessment. 
Selection of studies  
Titles and abstracts were screened by one review author to identify potentially eligible studies and the full 
texts of these were assessed for inclusion. Any concerns about study eligibility were discussed by the 
authors and resolved by discussion.  
Data extraction 
Details of the study characteristics including authors, publication year, title, journal, country, sample size, 
design, population, intervention, and outcomes were extracted from each study. We contacted the 
corresponding author of the original study requesting further information regarding the EBP educational 
intervention including any teaching materials. We reviewed the original publications, any other additionally 
relevant resources (searching reference list, and tracking the author’s relevant publications), and provided 
information and materials (by contacting the authors) to identify all EBP competencies delivered in these 
EBP educational interventions based on the most completed data available for each study. Three authors 
independently extracted EBP competencies from a random sample of 20 articles, and continued discussion 
until consensus was attained. We did not assess the risk of bias in included studies.  
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Results 
Of 1682 articles identified by our search, 714 titles and abstract were screened for eligibility. Of these, 286 
full text articles were obtained for review, 203 articles were excluded; 83 articles were included (eFigure 
1). 42 (51%) studies were published after 2005 (ranged from 1986-2015), 35 (42%) were conducted in 
United States (the remainder were conducted in 16 different countries in all continents), and 45 (54%) were 
randomized controlled trials. 50 (60%) included postgraduate level participants, and 62 (75%) taught 
medical professionals. eTable 1 shows details about the characteristics of the included studies.  
We identified 234 EBP competencies in included studies and other additional EBP curricula and key 
statements (Sicily statement on EBP, and informed health choice key concepts).  The initial list of EBP 
competencies were reviewed for duplication, consistency, and comprehension; and eventually reduced to 
86 competencies. We grouped/organized these competencies into the relevant EBP steps (Introductory, 
ask, acquire, appraise and interpret, apply, and reflect) (eTable 2). 
152 
CHAPTER 5: Supplementary materials 
Supplementary material 5.2  
eMethods 2 Detailed methods of the modified Delphi Survey presented in Chapter 5. 
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Background and Objectives 
Core competencies have been defined as “the essential minimal set of a combination of attributes such as 
applied knowledge, skills and attitudes which enable an individual to perform a set of tasks to an 
appropriate standard efficiently and effectively”. Core competencies offer a common shared language for 
all healthcare professions for defining what all clinicians are expected to be able to do in order to work 
optimally. Clearly specified core competencies can significantly enhance the individual learning 
performance, and provide an impetus for consistent quality healthcare education. Evidence-Based Practice 
(EBP) has the potential to improve the quality of healthcare as well as the patients’ outcomes, thus, it has 
been widely integrated into curricular educational activities and practised by clinicians from different 
healthcare disciplines working in various settings. However, there is a lack of clarity about the essential core 
competencies in EBP that clinicians should meet in order to achieve the ultimate potential benefits of 
practising EBP. We used a modified Delphi technique to achieve a consensus from a diverse group of 
international experts on the most essential core competencies in EBP. 
Methods  
Modified Delphi survey is a common approach used to solicit the opinions of experts through a series of 
structured iterative questionnaires (called rounds) which aim to obtain group consensus. A modified Delphi 
survey utilises pre-existing literature (e.g. systematic review) to develop the initial questionnaire rather 
than starting the first round with open-ended questions. We used a modified Delphi technique to achieve 
a consensus from a diverse group of international experts. Our Delphi study consisted of two sequential 
rounds of questionnaires. 
Participants 
The diverse range of expertise within the Delphi participants is an important quality criterion and should 
reflect the population that is intended to use the EBP core competencies set. To facilitate the dissemination 
and implementation of the EBP core competencies set we have been inclusive of relevant healthcare 
professions, organisations or institutions, countries, research disciplines, and stakeholders. The ideal 
participant is a healthcare clinician who has a significant experience in teaching and practising EBP (both 
academic and practitioner). However, we also included participants who: (1) have a significant research 
contribution to the field of EBP (e.g. authors of EBP educational trials); (2) have a significant experience in 
practising EBP in the clinical practice; and (3) EBP teachers who have extensive experience in teaching EBP. 
Selection of the participants 
We used purposive and snowball sampling approach to select participants for the Delphi survey. We invited 
eligible participants to register their interests in our Delphi Survey by posting announcements in social 
media (e.g. Twitter, and Facebook), sending email invitations to EBHC listserv and other networks of 
national and international evidence-based societies, and personal invitations to a list of EBP experts (have 
credibility in this field, e.g. ISEHC board members, Sicily statements group members). National and 
international evidence-based societies that have been approached included: (1) International Society of 
Evidence Based Healthcare (ISEHC); (2) The German Network of Evidence based Medicine Society 
(Deutsches Netzwerk Evidenzbasierte Medizin DNEbM) – Germany; (3) Taiwan Evidence-based Medicine 
Association (TEBMA) – Taiwan; (4) Iranian Center for Evidence-Based Medicine – Iran; (5) Centre Evidence 
Based Medicine – Oxford, UK; (6) Italian partner for evidence –based health care (GIMBE) – Italy; (7) Centre 
for Evidence-based Health Care – South Africa; (8) Center for Clinical Epidemiology and Evidence-Based 
Medicine (CEEBM) – Indonesia; (9) Chinese Cochrane Centre – China; and (10) Johns Hopkins Evidence-
based Practice Center – US.  
Sample size 
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There is no best practice guidance regarding the sample size of Delphi survey, however, having more 
participants will increase the reliability of group judgment. In addition, diversity among participants is 
important to ensure all views are considered in the consensus. We, therefore, undertook a broad approach 
to ensure there is a diverse and sufficient participation in this Delphi study. We aimed to invite a minimum 
of 120-150 participants for the first round.  
Recruitment of participants and Delphi Procedures 
We sent an email to invite all eligible participants who registered their interest in our Delphi. The invitation 
email included a clear explanatory statement outlining the objective of the Delphi survey, the procedure of 
the Delphi surveys (e.g. an estimate of the amount of time required to complete each questionnaire) and 
the importance of completing all Delphi rounds. Participation in the survey was optional and informed 
consent was assumed if a participant responded to the survey. 
Attrition bias is a common problem in Delphi surveys which might overestimate the degree of consensus in 
the final results. Strategies to minimise attrition bias included providing reminders to participants and 
ensuring that each round is concise and easy to complete with minimal time commitment. Participants 
were encouraged to complete each Delphi Round within 4-6 weeks. Reminder emails have been sent at the 
end of week two, three, and four to prompt the completion of the survey. 
All participants were allocated a unique identification number to allow the identification of individual 
responses and enable the tracking of attrition at each round. All participants who completed the first round 
of the Delphi were invited to participate in the second round. We used the web-based SurveyMonkey 
software to conduct the Delphi survey.  
Data has been collected and analysed following each Delphi round using Microsoft Excel 2016. Additional 
items listed by participants were reviewed by the research team to ensure they represent new unique 
competencies.  
Round 1 Delphi questionnaire 
The Delphi questionnaire for the first round included three main sections: (i) introduction: a statement 
describing the main aims of the Delphi survey, the procedures, and timeline; (ii) the main questionnaire: 
based on the items generated from the systematic review and other sources (as described in eMethods 1); 
(iii) information about the participants (e.g. age group, country of residence, place of employment, their
professional background and their level of experience in EBP).
EBP competencies were organised into 6 domains to reflect the main EBP steps (introductory, ask, acquire,
appraise and interpret, apply, assess). Participants were asked to rate the relative importance of each
competence item listed as “omitted”, “mentioned”, “explained”, or “practised (with exercises)”.
Participants had the opportunity to suggest any other competencies that they believe should be added.
Participants were also encouraged to comment on any of the competencies, and suggest possible
rephrasing of any of them. The final draft of this questionnaire was piloted to ensure the feasibility, clarity
of the competencies and rating format. eMethods 3 shows the round 1 Delphi questionnaire.
Round 2 Delphi questionnaire
EBP competencies from the first round were amended and merged, and those remained were organised
into five groups for the second round. The first group included competencies attained the pre-defined
consensus level (≥ ) at the same rating level (e.g. e plained )  and participants ere advised that these
would be included in the list of core competencies unless strong objection was received in the second
round. The second group included competencies that did not achieve the consensus level but positively
rated as practised ith e ercises or e plained  by the ma ority (≥ ). articipants were asked to rate
competencies in this group as “practised with exercises” or “explained”; third group included competencies 
that did not achieve the consensus level but positively rated as “explained or mentioned” by the majority
(≥ ). articipants were asked to rate competencies in this group as “explained” or “mentioned”; fourth
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group included competencies that did not achieve the consensus level but positively rated as “mentioned 
or omitted  by the ma ority (≥ ). articipants ere as ed to rate competencies in this group as 
“mentioned” or “omitted”; fifth Group included competencies that were suggested by participants, and 
they were asked to rate each competence as “omitted”, “mentioned”, “explained”, or “practised with 
exercises”. 
Participants were also encouraged to suggest any other competencies that they believe should be added, 
comment on any of the competencies, and suggest possible rephrasing of any of them. The final draft of 
this questionnaire was piloted to ensure the feasibility, clarity of the competencies and rating format. 
eMethods 4 shows the round 2 Delphi questionnaire.  
Results 
A total of 234 participants have registered their interest to participate in our Delphi survey and were invited 
to round 1 Delphi questionnaire. Of those, 184 participants (79%) had participated in round 1 Delphi survey, 
and were invited for round 2 Delphi survey. 144 participants (78%) participated in round 2 Delphi 
questionnaire. Characteristics of participants in “registration of interest”, Delphi round 1, and Delphi round 
2 are shown in eTable 3. 
Delphi round 1 and 2 results  
Of the 86 EBP competencies included in round 1 Delphi questionnaire, 11 reached the consensus level 
(≥ ) at the same rating level (e.g. e plained )   ere rated as “practised with exercises or explained” 
by the ma ority (≥ )   ere rated as e plained or mentioned  by the ma ority (≥ )   ere rated 
as mentioned or omitted  by the ma ority (≥ )  and  additional competencies ere identified in the 
first round and added to the questionnaire of the second round. eTable 4 shows summary of round 1 Delphi 
questionnaire results.   
After second round, 48 EBP competencies had achieved the consensus level (>70%): 20 EBP competencies 
were rated as “practised with exercises”; 20 as “explained”; and 8 as “mentioned”. 29 EBP competencies 
did not achieve the consensus level, and were retained for further discussion at the consensus meeting. 
eTable 5 shows summary of round 2 Delphi questionnaire results.   
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Supplementary material 5.3  
Round 1 Delphi Survey presented in Chapter 5. 
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Supplementary material 5.4  
Round 2 Delphi Survey presented in Chapter 5 
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Supplementary material 5.5  
Characteristics of included studies in the systematic review presented in Chapter 5. 
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eTable 1. Characteristics of included studies in the systematic review 
Author, date 
Country, language of 
intervention 
Participants (number, profession, education level) 
Randomized Controlled Trials 
Buchanan 2014 South Africa, English 56 practising occupational therapists 
Dizon 2014 Philippines 54 practising physical therapists 
Welch 2014 US, English 
175 professional athletic training students, graduate 
students, clinical preceptors, educators, and clinicians. 
Al-Baghali 2013 Saudi Arabia, English 59 medical doctors in primary health care centres 
Brettle 2013 UK, English 
77 first-year undergraduate pre-registration diploma 
nursing students 
Campbell 2013 Australia, English 
135 allied health professionals from four regions in 
Australia. 
Eldredge 2013 US, English 71 first-year medical students 
Ilic 2013 Australia and Malaysia 147 medical students 
Kok 2013 Netherland 132 insurance physicians 
Cheng 2012 Taiwan, Mandarin 94 final-year medical students 
Ilic 2012 Australia, English 121 third-year medical students 
Kulier 2012 7 LMICs 
204 postgraduate trainees (registrars and residents 
trainees) in obstetrics and gynaecology 
Sanchez-
Mendiola 2012 
Mexico, Spanish 289 fifth-year medical students 
Gardois 2011 Italy, Italian 22 paediatric residents and interns 
Jalali-Nia 2011 Iran 41 undergraduate nursing students 
Feldstein 2010 US, English 48 internal medicine residents 
Hadley 2010 UK, English 
237 postgraduate medical trainee at foundation or 
internship level 
McLeod 2010 US, English 443 residents in general surgery 
Johnston 2009 China 129 second-year medical students 
Kulier 2009 Netherland and UK 61 postgraduate trainees in obstetrics and gynaecology 
Davis 2008 UK, English 55 newly qualified foundation year doctors 
Hugenholtz 
2008 
Netherlands 98 occupational physicians 
Kim 2008 US, English 50 residents in internal medicine 
Davis 2007 UK, English 179 first medical students 
Lee 2007 China 132 final-year medical students 
Shuval 2007 Israel 75 primary care doctors 
Stark 2007 US, English 77 second- and third-year residents in internal medicine 
Krueger 2006 US, English 77 third-year osteopathic medical students 
Schilling 2006 US, English 238 third-year medical students 
Bradley 2005 Norway 175 tenth-semester medical students 
Macrae 2004 Canada, English 81 general surgeons 
Stevenson 
2004 
UK, English 30 musculoskeletal physiotherapists 
Taylor 2004 UK, English 
145 healthcare professionals (general practitioners, 
hospital physicians, professions allied to medicine, and 
healthcare managers/administrators) 
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Cheng 2003 China 




Norway 148 public health physicians 
Bradley 2002 US, English 10 residents in neonatal care unit 




103 healthcare professionals (general practitioners and 
others) 
MacAuley 1999 UK, English 99 GP trainers 
Stevermer 
1999 
US, English 59 residents in family practice 
Erickson 1998 US, English 31 residents in obstetrics and gynaecology 
Rosenberg 
1998 
UK, English 108 medical students 
Haynes 1993 Canada, English 392 physicians and physicians-in-training 
Romm 1989 US, English 108 medical students 
Linzer 1987 US, English 44 medical interns 
Non-Randomized Controlled Trials 
Ilic 2015 Australia, English 61 second-year medical students 
Olsen 2015 Norway 37 clinical instructors in Physiotherapy 
Ramos-
Morcillo 2015 
Spain, Spanish 109 registered nurse 
Vrdoljak 2015 Croatia, Croatian 98 mentors in general practice 
Fernandez 
2014 
Australia and Hong 
Kong, English 
186 postgraduate nursing students 
Balajic 2012 Croatia, Croatian 1232 medical students in 3 medical schools. 
Haas 2012 US, English 339 chiropractic doctoral students 
Schoonheim-
Klein 2012 
Netherland 62 working group of dental students 
Wallen 2010 US, English 159 nurses participating in leading/mentoring activities 
Kim 2009 US, English 208 senior fourth-year nursing students 




125 occupational health physicians and insurance 
physicians 
Gruppen 2005 US, English 92 fourth-year medical students 
Thomas 2005 US, English 46 residents in internal medicine 
Akl 2004 US, English 
40 medical students and residents rotating with the 
general internal medicine team at a university hospital. 
Sanchez-
Mendiola 2004 
Mexico, Spanish 131 medical students 
Ross 2003 US, English 48 residents in family practice 
Mills 2002 Canada, English 83 Naturopathic interns 
Badgett 2001 US, English 157 third-year medical students 
Edwards 2001 UK, English 482 third-year medical students 
Major-Kincade 
2001 
US, English 64 paediatrics house staff 
Shorten 2001 Australia, English 143 nursing students 
Ghali 2000 Canada, English 60 third-year medical students 
Smith 2000 US, English 55 first-year residents in internal medicine 
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Bazarian 1999 US, English 32 emergency medicine residents 
Fu 1999 Canada, English 12 residents in psychiatry 
Green 1997 US, English 34 second- and third-year internal medicine residents 
Landry 1994 US, English 146 third-year medical students 
Seelig 1993 US, English 44 practising internists and residents 
Frasca 1992 US, English 92 third-year medical students 
Griffin 1992 US, English 57 occupational therapy students 
Langkamp 
1992 
US, English 27 residents in Paediatrics 
Kitchens 1989 Canada, English 83 residents in internal medicine 
Bennett 1987 Canada, English 79 final-year medical students 
Linzer 1988 US, English 85 residents in internal medicine 
Radack 1986 US, English 33 medical students 
Riegelman 
1986 
US, English 292 medical students 
Viniegra 1986 Mexico, Spanish 20 residents in internal medicine 
Abbreviations: RCT: randomised controlled trial; CT: controlled trial; P: postgraduate; U: undergraduate 
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Supplementary material 5.6 
EBP competencies identified from included studies in the systematic review presented in 
Chapter 5. 
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eTable 2. EBP competencies identified from included studies in the systematic review 
Introductory 
The definition of evidence-based practice (EBP): “the integration of the best research evidence with our 
clinical expertise and our patient’s unique values and circumstances”. 
The distinction between the mechanistic vs. empiricism approach of dealing with what is effective (a 
common example is Dr. Spock's advice to put infants on fronts to sleep to avoid chocking on 
vomit [mechanistic] while this led to avoidable cot death (empiric evidence) 
Hierarchy of levels of evidence (i.e. hierarchy for each clinical question type, primary research vs. 
secondary research). 
The history and origin of EBP. 
The rationale for EBP (e.g. there is a huge amount of literature that clinicians cannot read all: an 
expanding amount of publications vs. clinicians’ workload and the need to keep up-to-date). 
The five steps of EBP: ask, acquire, appraise, apply and assess. 
The distinction between using research (that is, search for pre-appraised evidence to apply in practice 
or follow the five steps of EBP) vs. conducting research (that is, conducting primary or secondary 
research). 
New, brand-named, or more expensive treatments are not necessarily better than current alternatives. 
Earlier detection of disease is not necessarily better. 
Ask 
How to identify and prioritise personal uncertainties or knowledge gaps in practice 
The difference between background and foreground questions (e.g. “What is myocardial infarction?” 
versus “In adult patients with myocardial infarction, does aspirin intake improve patients’ survival?”). 
Type of foreground clinical question (Frequency vs. Aetiology vs. Therapeutic vs. Prognosis vs. 
Diagnosis). 
Using PICO to structure answerable clinical questions (includes: PICO elements, how to translate clinical 
problems into structured clinical questions, advantages of structured clinical questions). 
Acquire 
5S/(or)6S model/pyramid of evidence resources. 
Categories of sources of information (original primary databases vs. filtered resources vs. pre-appraised 
clinical evidence). 
The difference in topic covered between databases (e.g. PubMed: medical, CINAHL: nursing and allied 
health, PsycINFO: psychiatry and mental health). 
How to use different databases (e.g. PubMed, EMBASE, and Cochrane). 
General search strategy: How to develop one (e.g. search terms: free text vs. Key words or MeSH 
terms) and Boolean operations: e.g. AND, OR, NOT. 
Role of search filters (e.g. limit to language, human, year or study design). 
The importance of designing a search strategy that reflects the purpose of the search (e.g. a narrow 
“the best” search for answering a quick clinical question vs. a broad search “everything” for conducting 
a systematic review. 
How to find full text articles. 
Appraise – Epidemiological 
Randomisation (the importance and methods of randomisation). 
Allocation concealment. 
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Blinding. 
Loss to follow up/Attrition. 
Intention-To-Treat analysis (vs. Per Protocol analysis). 
The difference between Causation and Association. 
Confounding (methods to detect and adjust for confounders). 
The definition and calculation of incidence and prevalence. 
The importance of considering conflict of interest/ funding sources in appraising articles. 
Appraise – Appraisal 
The anatomy of a scientific paper (IMRD: Introduction, Methods, Results, and Discussion, identifying 
the “must read” sections). 
Classifications of study designs: e.g. Interventional vs. observational; systematic reviews, RCTs, Non-
RCTs, cohort, case-control, cross-sectional, etc. 
The Pros & Cons of each study design for different types of research questions. 
Systematic reviews & Meta-analysis (definitions and their importance). 
Level of evidence and grade of recommendations (GRADE). 
How to critical appraise a systematic review. 
How to critical appraise a treatment study. 
How to critical appraise a diagnostic study. 
How to critical appraise a prognostic study. 
How to critical appraise a harm study. 
How to critical appraise a qualitative study. 
How to critical appraise a clinical practice guideline. 
Appraise – Statistical 
The importance of the reporting quality of studies: EQUATOR Network reporting guidelines (e.g. 
STROBE, CONSORT, and PRISMA) and how to assess the quality of reporting of an article. 
Classifications of the types of data: categorical (dichotomous, nominal, ordinal) vs. continuous data 
P-values: what they are and how to interpret.
Confidence Intervals: what they are and how to interpret. 
The difference between clinical and statistical significance. 
The difference between random error and systematic error (Bias). 
Classifications of the types bias (sources, types and how to deal with): e.g. performance bias; reporting 
bias; detection bias; recall bias; selection bias; publication bias (funnel plot, egger's test). 
Meaning and types of validity (internal vs. external validity). 
Sensitivity analysis: what is it and how to interpret its results. 
Subgroup analysis: what is it and how to interpret its results. 
Meta-analysis: what is it and how to interpret its results. 
Heterogeneity: what is it, methods to detect it and how to interpret it. 
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Appraise – Results Interpretation 
Types of measures of association and effect for binary outcomes (how to interpret): e.g. effect size in 
general, odds ratio, relative risk reduction/increase, absolute risk difference, relative risk /risk ratio, 
hazard ratio, NNT/NNH. 
Measures for continuous outcomes (how to interpret): e.g. difference of means, ratio of means. 
A 2x2 or contingency table (how to interpret and construct). 
Measures to evaluate diagnostic accuracy (how to interpret): e.g. sensitivity, specificity, positive and 
negative predictive value, positive and negative likelihood ratio. 
Apply 
Clinical Decision Making (its components, application of the concepts of decision anatomy in the 
analysis of a clinical problem, and the barriers for objective decision making). 
Management of uncertainty in decision making in clinical practice. 
The purpose and use of clinical prediction rules. 
Shared decision making (importance of and strategies including communicating benefit and harms to 
patients, and sharing decision with patients) and the role of decision support tools. 
Baseline risk of individual patient affects expected benefit (and calculation of individual expected 
benefit). 
Barriers of knowledge translation: individual versus organizational level and strategies to overcome 
these barriers. 
Assess/Evaluate 
The leaky evidence pipeline (aware, accept, decide, do, recall, adhere, agree with patient, done). 
Clinical Audit (its importance and how to conduct). 
Reflective clinical practice (what is it and how to practice it). 
Additional 
Citations tracking (forward/backward). 
Types of outcome measures (surrogate vs. composite end points measures). 
Types of summary measures (proportion, mean, mode, median, SD, range, IQ ranges). 
Graphical presentation of data (e.g. scatter plot, distribution curve, Kaplan-Meier curve, Bland-Altman 
plot, forest plot). 
Tabular presentation of data (e.g. summary of finding tables in Cochrane reviews). 
Clinical Practice Guidelines (development, sources, advantages and limitations). 
Critical appraisal of cost-effectiveness paper + economic analysis. 
Type I & Type II Error. 
Sampling: techniques (probability vs. non-probability sampling) and sample size calculation. 
Descriptive vs. Inferential statistical tests. 
Parametric vs. Non-parametric tests. 
Regression analysis: types (logistic, linear), independent vs. dependent variables. 
Survival analysis (life table). 
Random vs. Fixed effect models. 
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Equivalence vs. Non-inferiority vs. Superiority trials. 
Reliability: reliability coefficients (e.g. intra-class correlation coefficient, kappa statistics). 
Cultural competence. 
Academic detailing. 
Supervision and training EBP to students. 
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Supplementary material 5.7  
PRISMA flow chart of the systematic review presented in Chapter 5. 
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eFigure 1. PRISMA flow chart of the systematic review 
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Supplementary material 5.8  
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Supplementary material 5.9  
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210 
Supplementary material 5.10 
The final set of EBP core competencies grouped into the main EBP domains and an 
elaboration of each competency presented in Chapter 5. 
CHAPTER 5: Supplementary materials 
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eTable 5. The final set of EBP core competencies grouped into the main EBP domains and an 
elaboration of each competency. 
(M=mentioned, E=explained, P=practised with exercises). 
0. Introductory
0.0 Understand evidence-based practice (EBP) defined as the integration of the best research 
evidence with clinical expertise and patient’s unique values and circumstances. 
E 
In this competency, the learner needs to understand the definition of evidence-based practice 
and the interplay between its three main domains: (i) best research evidence (i.e. clinically 
relevant research, sometimes from the basic sciences of medicine, but especially from patient-
centred clinical research into the accuracy and precision of diagnostic tests, the power of 
prognostic markers, and the efficacy and safety of therapeutic, rehabilitative, and preventive 
strategies); (ii) clinical expertise (i.e. the ability to use clinical skills and past experience to rapidly 
identify each patient’s unique health state and diagnosis, their individual risks and benefits of 
potential interventions/exposures/diagnostic tests, and their personal values and expectations). 
Clinical expertise is required to integrate evidence with patient values and circumstances; (iii) 
patient values and circumstances (i.e. the unique preferences, concerns, expectations, hopes, 
strengths, limitations, and stresses each patient brings to a clinical encounter and which must be 
integrated into shared clinical decisions if they are to serve the patient; and their individual 
clinical state and the clinical setting. The clinical practice of EBP must balance and integrate these 
factors, deal with not only the traditional skills of diagnosis but also the applicability of relevant 
research evidence and the patient’s preferences and circumstances before guiding choices of 
action. 
0.1 Recognise the rationale for EBP. M 
This competency includes the need to recognise: 
-  The daily clinical need for valid information to inform decision making, and the inadequacy of
traditional sources for this information. [M]
-  The disparity between diagnostic skills and clinical judgment, which increase with experience,
and up-to-date knowledge and clinical performance, which decline with age and experience.
[M]
-  Lack of time to find and assimilate evidence as a clinician. [M]
-  The gaps between evidence and practice can lead to suboptimal practice and quality of care.
[M]
-  The potential discordance between a pathophysiological and empirical approach to thinking
about whether something is effective. [M]
In this competency, the learner needs to recognise the rationale for EBP, including the daily 
clinical need for valid and quantitative information about diagnosis (e.g. knowing that earlier 
diagnosis does not necessarily mean better), prognosis, therapy (e.g., new interventions are not 
necessarily better than current alternatives), and prevention. Learner needs to recognise the 
inadequacy of traditional information sources because they are out of date (e.g., traditional 
textbooks), frequently biased (e.g., experts), ineffective or too overwhelming in their volume and 
too variable in their validity for practical clinical use (e.g., health journals). Learner also needs to 
recognise the disparity between diagnostic skills and clinical judgment, which increase with 
experience, and up-to-date knowledge and clinical performance which decline. Learner needs to 
recognise clinicians’ inability to afford more than a few minutes per patient to find and assimilate 
evidence. Learner needs to recognise the gaps between evidence and practice (including overuse 
and underuse of evidence) leading to suboptimal practice and quality of care. Learner needs to 
recognise the distinction between the pathophysiological (or mechanical) approach and empirical 
approach to dealing with what is effective. 
0.2 For each type of clinical question, identify the preferred order of study designs, including 
the pros and cons of the major study designs. 
E 
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This competency includes: 
-  Classify the major study designs for each type of clinical question. [E]
In this competency, the learner needs to identify the preferred order (from least to most biased) 
of study designs for each type of clinical question (e.g., treatment question best to be answered 
by a systematic review of randomised controlled trials; while question about people’s beliefs and 
experiences best to be answered by qualitative studies). Learner needs to recognise the pros and 
cons of the major study designs – importantly those of highest level of evidence (e.g. systematic 
reviews, RCTs). In addition, learner needs to recognise when randomised controlled trials are 
unnecessary– such as in case of large, dramatic effects of intervention “all or none”. 
0.3 Practice the 5 steps of EBP: Ask, Acquire, Appraise and Interpret, Apply, and Evaluate. P 
In this competency, the learner needs to practice the 5 steps of EBP: (i) Step 1 – identifying 
uncertainty and converting the need for information (about prevention, diagnosis, prognosis, 
therapy, causation, etc.) into an answerable question and to know that there are various 
strategies to keep track of knowledge gaps in practice; (ii) Step 2 – tracking down the best 
evidence with which to answer that question; (iii) Step 3 – critically appraising that evidence for 
its validity, impact, and applicability or accessing trustworthy pre-appraised sources; (iv) Step 4 – 
integrating the critical appraisal, and in particular the net benefit associated with alternative 
courses of action, with clinical expertise and with patient’s unique biology, values and 
circumstances; (v) Step 5 – evaluating on effectiveness and efficiency in executing steps 1–4 and 
seeking ways to improve them both for next time and to optimize clinical practice. 
0.4 Understand the distinction between using research to inform clinical decision making versus 
conducting research. 
M 
In this competency, the learner needs to describe the distinction between ‘conducting research’ 
that is, completing primary or secondary research, which requires knowing the principles of 
scholarly inquiry, and ‘using research’ that is, search for pre-appraised evidence to apply in 
practice or follow the five steps of EBP. The latter “using research” is what is needed for clinical 
practice. 
1. Ask
1.1 Explain the difference between the types of questions that cannot typically be answered by 
research (background questions) and those that can (foreground questions). 
E 
In this competency, the learner needs to identify the difference between background questions 
(e.g., “What is myocardial infarction?” and foreground questions (e.g., “In adult patients with 
myocardial infarction, does aspirin improve patients’ survival?”.) 
1.2 Identify different types of clinical questions, such as questions about treatment, diagnosis, 
prognosis, and aetiology. 
P 
In this competency, the learner needs to identify different types of clinical questions, such as 
questions about treatment, diagnosis, prognosis, and aetiology. 
1.3 Convert clinical questions into structured, answerable clinical questions using PICO. P 
This competency includes: 
-  Recognise the importance of and strategies for identifying and prioritising uncertainties or
knowledge gaps in practice. [M]
-  Understand the rationale for using structured clinical questions. [E]
-  Identify the elements of PICO questions and use variations of it when appropriate (e.g., PICOT,
PO, PECO - Exposure) to structure answerable clinical questions. [P]
In this competency, the learner needs to convert clinical questions into structured, answerable 
clinical questions using PICO format (stands for P: population, I: intervention, C: comparator, O: 
outcome), and its variations (e.g., PO only for a prevalence question, PICOT to include the timing; 
exposure replaces intervention for observational studies, Index test replaces intervention for 
diagnostic studies. In addition, learner needs to recognise the strategies for identifying and 
prioritising uncertainties and knowledge gaps in practice, and identifying the known unknown 
clinical questions. 
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2. Acquire
2.1 Outline the different major categories of sources of research information, including 
biomedical research databases or databases of filtered or pre-appraised evidence or resources. 
E 
This competency includes: 
-  Outline the advantages of using filtered or pre-appraised evidence sources and recognise
relevant resources. [E]
-  Indicate the differences between the hierarchy of evidence, level of processing of evidence, and
types of EBM resources. [E]
In this competency, the learner needs to outline the different major categories of sources of 
research information, and the advantages of using filtered or pre-appraised evidence sources 
(e.g., ACCESSSS, UpToDate, ACP Journal Club, TRIP database, PEDro). In addition, learner needs to 
indicate the differences between the hierarchy of evidence (different hierarchy of designs for 
each type of question), the level of processing of this information, and types of EBM resources 
(e.g. summaries and guidelines, preappraised research, and non-preappraised research.) 
2.2 Construct and carry out an appropriate search strategy for clinical questions. P 
This competency includes: 
-  Know where to look first to address a clinical question. [P]
-  When necessary, construct a search strategy that reflects the purpose of the search. [P]
-  Apply a general search strategy including the use of search terms, and the role of Boolean
operators; truncation; and search filters for more efficient searches. [E]
In this competency, the learner needs to design and conduct an appropriate search which reflect 
the purpose of the search, and to indicate the role of Boolean operators (such as AND, OR, NOT); 
truncation (such as the asterisk or a question mark); and search filters (such as limits on language, 
human, year, or study design for more efficient searches. 
2.3 State the differences in broad topics covered by the major research databases . M 
In this competency, the learner needs to recognise the differences in topics covered by the major 
traditional databases and those relevant to their profession (e.g., PubMed largely covers medical 
topics, CINAHL covers nursing and allied health, and PsycINFO covers psychological topics) and to 
know which source is the most appropriate for answering a particular clinical question. 
2.4 Outline strategies to obtain the full text of articles and other evidence resources. E 
In this competency, the learner needs to define strategies to obtain the full text of the articles 
(this may include open access, institutional access, or special access such as HINARI programme) 
and other evidence resources (this may include pre-appraised resources such as evidence-based 
guidelines and decision-support tools such as patient decision aids). 
Appraise and Interpret 
3.1 Identify key competencies relevant to the critical evaluation of the integrity, reliability, and 
applicability of health-related research. 
E 
This competency includes 
-  Understand the difference between random error and systematic error (Bias). [E]
-  Identify the major categories of bias and the impact of these biases on the results. [E]
-  Interpret commonly used measures of uncertainty, in particular, confidence intervals. [P]
-  Recognize that association does not imply causation and explain why. [E]
-  Recognise the importance of considering conflict of interest/funding sources. [M]
-  Recognise the use and limitations of subgroup analysis and how to interpret the results of
subgroup analysis. [M]
In this competency, the learner needs to identify key competencies relevant to the critical 
evaluation of the integrity, reliability, and applicability of health-related research which requires 
an understanding of the different categories of bias (such as confounding, measurement and 
detection bias, and reporting and publication bias), and the impact of these biases and 
uncertainty (random error) on estimates from studies. Conflicts of interest may also influence 
research reports, particularly the conclusions drawn from results. Learner needs to recognise if it 
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is necessary to read the discussion of the article, or rely on the authors’ interpretation of their 
findings; the necessity, if this is the case and conflict of interest exists, to look to un-conflicted 
sources of the interpretation.  Knowledge of statistical calculations is not required, but the ability 
to interpret statistical results, such as confidence intervals, is essential. Understanding that 
association does not imply causation and why (e.g., confounding) is also important. Since 
subgroup analyses are commonly reported, their meaning and limitations should be known. 
3.2 Interpret different types of measures of association and effect, including key graphical 
presentations. 
P 
This competency includes 
-  Identify the basic types of data such as: categorical and continuous. [E]
-  Recognise the meaning of some basic frequency measures. [M]
-  Identify the difference between "statistical significance" and "importance", and between a lack
of evidence of an effect and ‘evidence of no effect’. [E]
In this competency, the learner needs to interpret quantitative results of research, which implies 
some understanding of: (i) the basic types of data such as categorical (dichotomous, nominal, 
ordinal) and continuous data; (ii) the meaning of some basic frequency measures such as means, 
medians, and rates; and (iii) measure of association derived from these such as difference and 
ratio measures for both dichotomous and continuous outcomes. Note that these may best be 
taught within the context of studies appraisals. 
3.3 Critically appraise and interpret a systematic review. P 
This competency includes 
-  Recognise the difference between systematic reviews, meta-analyses, and non-systematic
reviews. [M]
-  Identify and critically appraise key elements of a systematic review. [P]
-  Interpret presentations of the pooling of studies such as a forest plot and summary of findings
table. [P]
In this competency, the learner needs to critically appraise a systematic review which requires 
being able to identify and assess the key elements of a systematic review such as the search 
strategy, the appraisal and selection of studies, and the synthesis and summary of findings 
(including a Summary of Findings table) and how these elements differ from a traditional review. 
Interpreting the results requires an understanding of the presentations of pooled studies such as 
a forest plot, and a basic idea of measures of statistical heterogeneity. Such appraisal skills should 
include understanding the concept of quality of evidence, and how one might rate the quality of 
evidence, particularly using the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) approach. Also, learner needs to be able to differentiate between assessing 
the methods used in a systematic review (trustworthy or flawed) and assessing the certainty of 
the evidence for estimates that a review summarises (garbage in, garbage out). 
3.4 Critically appraise and interpret a treatment study. P 
This competency includes 
-  Identify and appraise key features of a controlled trial. [P]
-  Interpret the results including measures of effect. [P]
-  Identify the limitations of observational studies as treatment studies, and recognise the basics
of adjustment methods and its limitations. [E]
In this competency, the learner needs to critically appraise a treatment study (such as a 
randomized controlled trial) which requires being able to identify and appraise key features of a 
controlled trial such as Randomisation and Allocation concealment, Blinding, Loss to follow 
up/Attrition, Intention-To-Treat analysis (vs. Per Protocol analysis), and Performance bias. 
Interpreting the results requires being able to interpret the common measures of effect (such as 
odds ratio, relative risk reduction/increase, absolute risk difference, relative risk /risk ratio, hazard 
ratio, NNT/NNH) and measures of uncertainty (confidence intervals and p-values). Learner needs 
to Identify the limitations of observational studies to inform a treatment decision and recognise 
the principles of adjustment methods and why they are inadequate. 
3.5 Critically appraise and interpret a diagnostic accuracy study. P 
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This competency includes 
-  Identify and appraise key features of a diagnostic accuracy study. [P]
-  Interpret the results including interpret measures to evaluate diagnostic accuracy. [P]
-  Recognise the purpose and use of clinical prediction rules. [M]
In this competency, the learner needs to critically appraise a diagnostic study, which requires 
being able to identify and appraise key features such as subject selection, loss to follow 
up/verification bias, and independent and blind comparison assessment of index and reference 
standard. 
Interpreting the results requires being able to interpret the common measures of discrimination 
such as sensitivity, specificity, positive and negative predictive value, positive and negative 
likelihood ratio. Also, learner needs to be able to interpret a 2X2 table or contingency table. 
3.6 Distinguish evidence-based from opinion-based clinical practice guideline. P 
In this competency, the learner needs to understand that many guidelines are not evidence-
based, and be able to recognise key features of an evidence-based guideline, such as a search, 
selection and appraisal strategy, grading of evidence, and management of conflicts of interest. 
Should be able to do some appraisal of these key features, but this does not imply a full critical 
appraisal (e.g., Appraisal of Guidelines, Research and Evaluation – AGREE) is appropriate. 
3.7 Identify the key features of, and be able to interpret, a prognostic study. E 
This competency includes 
-  Identify and appraise key features of a prognostic study. [E]
-  Interpret the results including measures of effect (e.g., Kaplan Meier “survival” curves) and
uncertainty. [E]
-  Recognise the purpose and use of clinical prediction rules. [M]
In this competency, the learner needs to be able to critically appraise a prognostic study, which 
requires being able to identify and appraise key features such as subject selection, loss to follow 
up, and blinding of (subjective) outcome measures, and methods to detect and adjust for 
confounders. 
Interpreting the results requires being able to interpret the common measures of prognosis such 
as cumulative incidence, hazard ratio or “survival” curves. 
3.8 Explain the use of harm/aetiologies study for (rare) adverse effects of interventions. E 
This competency includes 
-  Indicate that common treatment harms can usually be observed in controlled trials, but some
rare or late harms will only be seen in observational studies. [E]
While critical appraisal of such studies is not a core skill, the learner needs to indicate when and 
why they are needed. Also, learner needs to recognise that treatment may be harmful and 
increasing the amount of an effective treatment does not necessarily increase its benefits and 
may cause harm. 
3.9 Explain the purpose and processes of a qualitative study. E 
This competency includes 
-  Recognise how qualitative research can inform the decision making process. [M]
In this competency, the learner needs to understand some of the basic methods of gathering 
qualitative data, and it's purpose. While critical appraisal of qualitative studies is not a core skill, 
awareness of when and why they are needed is. Also, learner needs to recognise the importance 
of qualitative research in informing decision making processes. 
4. Apply
4.1 Engage patients in the decision making process, using shared decision making, including 
explaining the evidence and integrating their preferences. 
P 
This competency includes: 
-  Recognise the nature of the patient’s dilemma, hopes, expectations, fears, and values and
preferences. [M]
-  Understand and practice shared decision making. [P]
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-  Recognise how decision support tools such as patient decision aids can assist in shared decision
making. [M]
In this competency, the learner needs to engage patients in the decision making process, to 
communicate evidence about benefit and harms to patients, to recognise the nature of the 
patients’ dilemma, hopes, expectations, fears, and values and preferences, and to recognise the 
role of decision support tools such as patient decision aids in shared decision making. 
4.2 Outline different strategies to manage uncertainty in clinical decision making in practice. E 
This competency includes: 
-  Recognise professional, ethical, and legal components/dimensions of clinical decision making,
and the role of clinical reasoning. [M]
In this competency, the learner needs to outline different strategies to manage uncertainty in 
clinical decision making in practice (which may depend on profession and level of experience, 
such as e.g., test of time, diagnostic pause, gut feeling for medicals). In addition, learner needs to 
recognise various dimensions of clinical decision (e.g., professional, legal, and ethical), and the 
implication of these dimensions in the analysis of a clinical problem. 
4.3 Explain the importance of baseline risk of individual patients when estimating individual 
expected benefit. 
E 
This competency includes: 
-  Recognise different types of outcome measures (surrogate vs composite endpoints measures).
[M]
In this competency, the learner needs to explain the importance of baseline risk of individual 
patients when estimating individual expected benefit (average measures of effects can be 
misleading), and its role in engaging the patients in the decision making process (e.g., balance 
benefits and harms of a treatment). In addition, learner needs to recognise different types of 
outcome measures and to identify the most important to the patients (e.g., patients related 
outcomes are more relevant to the patients than surrogate outcomes). 
4.4 Interpret the grading of the certainty in evidence and the strength of recommendations in 
health care. 
E 
In this competency, the learner needs to interpret the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach to evaluate the strength of recommendations 
and identify and consider key factors drive the direction and strength of the recommendations, 
and its role in shared decision making (e.g., weak recommendations are usually sensitive to the 
patients’ values and preferences). 
5. Evaluate
5.1 Recognise potential individual-level barriers to knowledge translation and strategies to 
overcome these. 
M 
This competency includes: 
-  Recognise the process of reflective clinical practice. [M]
In this competency, the learner needs to recognise potential individual-level barriers to 
knowledge translation and strategies to overcome these. More detailed information regarding the 
organisational level barriers and knowledge translation/ implementation science can be taught 
elsewhere (e.g., knowledge translation workshops). 
5.2 Recognise the role of personal clinical audit in facilitating evidence-based practice. M 
In this competency, the learner needs to recognise the role of personal clinical audit in facilitating 
evidence-based practice (e.g., various areas need to be improved can be identified by comparing 
clinician’s clinical practice to well-defined evidence-based standards). 
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Supplementary material 5.11 
References of EBP educational studies included in the systematic review presented in 
Chapter 5. 
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Preamble 
As discussed in Chapter 2, the exponential growth of medical information and clinicians’ 
workload is one of the reasons why there is a great interest in EBP. One of the 3 modes of 
incorporating evidence into practice, that we discussed in Chapter 2, is the ‘replicating mode’ 
in which clinicians consult trusted colleagues to answer clinical questions and replicate their 
practice (i.e. called ‘pigeon strategy’ by Richard Smith, the former editor of the BMJ). In the 
era of social media, clinicans are increasingly using social media to network with colleagues 
and possibly consulting trusted professional social media groups about personal knowledge 
gaps. Thus, this chapter explores clinicans’ needs (i.e. clinical questions asked) and use (i.e. 
answers to clinical questions) for research evidince. Findings from this chapter (i.e. identifying 
evidence/infomration and learning needs of clinicians) has been helpful in the development 
of the EBP educational intervention presented in the next chapter.  
This chapter contains an article entitled “Role of professional networks on social media in 
addressing clinical questions at general practice: a cross-sectional study of general 
practitioners in Australia and New Zealand”, published in BMC Family Practice on March 2019. 
It characterises the clinical questions asked, and evidence used in answers posted to a large 
Facebook network.   
Work arising from this chapter was also presented in oral form at the Royal Australian College 
of General Practitioners (RACGP) 2018 in Gold Coast.  
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6.1 Abstract 
Background 
Clinicians frequently have questions about patient care. However, for more than half of the 
generated questions, answers are never pursued, and if they are, often not answered 
satisfactorily. We aimed to characterise the clinical questions asked and answers provided by 
general practitioners (GP) through posts to a popular professional social media network.  
Methods 
In this cross-sectional study, we analysed clinical questions and answers posted between 
January 20th and February 10th 2018 on a popular GP-restricted (Australia, New Zealand) 
Facebook group. Each clinical question was categorised according to ‘background’ or 
‘foreground’ question; type (e.g. treatment, diagnosis); and the clinical topic (e.g. 
cardiovascular). Each answer provided in response to included questions was categorised 
into: (i) short answer (e.g. agree/disagree); (ii) provided an explanation to justify the answer; 
and (iii) referred to a published relevant evidence resource. 
Results 
Of 1060 new posts during the study period, 204 (19%) included a clinical question. GPs most 
commonly asked about treatment (n=87; 43%) and diagnosis (n=59; 29%). Five major topics 
(23% skin, 10% psychology, 9% cardiovascular, 8% female genital, and 7% musculoskeletal) 
accounted for 118 (58%) questions. Each question received on average 10 (SD=9) answers: 
42% were short; 51% provided an explanation; and only 6% referred to relevant research 
evidence. Only 3 answers referred to systematic reviews.  
Conclusions 
In this sample of Australian and New Zealand GPs, who were members of a GP social media 
group, GPs asked clinical questions that can be organised into a limited number of question 
types and topics. This might help guide the development of GP learning programs. 
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6.2 Background 
There has been a rapid expansion of information in health care over the last few decades1. 
The challenge of keeping up with this information overload in health care is becoming harder, 
if not impossible2,3. An information paradox exists, as despite being overwhelmed by this huge 
amount of information, clinicians frequently face personal knowledge gaps, ask clinical 
questions about patient care, and have many unanswered questions2,4.  
A systematic review of clinical questions raised by clinicians showed that clinicians ask about 
1 question every 2 patients5. However, for more than half of the generated questions, 
answers are never pursued, and if they are, often not answered satisfactorily5,6 – suggested 
missed opportunities for continuous learning. Lack of time and clinicians’ doubt about the 
existence and usefulness of relevant answers are the most commonly reported barriers to 
pursuing the answers for their clinical questions5,7. Thus, addressing clinicians’ personal 
knowledge gaps provides an opportunity for continuing learning, and enhanced patient care. 
This is especially important for general practitioners (GPs) as their information needs are 
much broader than that of other specialties because of the wider spectrum of clinical 
problems encountered8. Consulting colleagues to answer clinical questions is one of the most 
common strategies that clinicians adopt to cope with the information overload1,2. Clinicians 
are increasingly using social media to communicate and network with colleagues, share 
information, and disseminate research findings9. Thus, understanding clinicians’ use of social 
media networks to overcome information overload and address clinical questions generated 
from patient care is warranted.  We aimed to characterise the clinical questions asked and 
answers provided by general practitioners and posted to a popular professional social media 
network.  
6.3 Methods 
In this cross-sectional study, we analysed all clinical questions posted on a popular GP-
restricted Facebook group ‘GPs Down Under’ between January 20th and February 10th 2018. 
‘GPs Down Under’ is a GP community-led closed professional Facebook group restricted to 
GPs practising in Australia and New Zealand. It has over 5800 members and generates over 
50 posts per day.  
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The criteria for GPDU group membership include being a GP or a GP registrar and working in 
general practice with registration to practice in Australia and/or New Zealand. A three-step 
verification procedure is used. Two of the co-authors (KM and KP) were co-developers and 
are administrators of the GPDU Facebook group.   
Two of the co-authors (KM and KP) scraped all the data (including each original post and all 
subsequent comments and replies to that post) of the posts that were posted during the study 
period. One of the authors who is also a member of GPDU (PG) de-identified the data and 
developed a de-identified anonymised dataset for screening and analysis.  
We screened all posts that were posted to the group during the study period to identify those 
that included a clinical question (as defined by Ely et al10 - ‘questions about medical 
knowledge that could potentially be answered by general sources such as textbooks and 
journals, not questions about patient data that would be answered by the medical record’) – 
the focus of this analysis is on clinical questions posts. We categorised each included question 
as ‘background’ (e.g. What is myocardial infarction?) or ‘foreground’ question (e.g. In adult 
patients with myocardial infarction, does aspirin increase survival?). We also classified the 
type of each question (e.g. treatment, diagnosis) per the taxonomy used by Ely et al10. We 
also classified the clinical topics of each included question according to the revised version of 
International Classification of Primary Care (ICPC-2)11. ICPC is a coding system co-developed 
and endorsed by the World Organization of Family Doctors to allow for more appropriate 
classification of data frequently encountered in a primary care setting12,13. We screened all 
comments for answers provided in response to each question and classified each answer as: 
(i) short answer (e.g. yes/no or agree/disagree); (ii) provided an explanation (e.g. justify the
answer or provide supporting clinical examples); and (iii) referred to a published relevant
evidence resource (e.g. provided a website link to a research article or guideline). Three of
the authors (LA, TH, and PG) independently analysed a random sample of 5% of posts and
continued discussion until consensus was attained. LA coded the included questions and
answers of the rest of included posts. Any uncertainties in the coding decisions were resolved
by one of the co-authors with extensive experience in primary care (PG).
The study was approved by Bond University Human Research Ethics Committee. Group 
members were informed that all new posts during the study period would be anonymously 
used for research purposes without breaching members’ privacy. 
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6.4 Results 
During the study period, 504 GPs contributed a total of 1060 new posts, of which 204 (19%) 
included a clinical question. Of these 204 included questions, 174 (85%) were foreground and 
30 (15%) background questions. The characteristics of clinical questions posted to GPDU 
group are presented in Table 6.1. 
Table 6.1 Characteristics of clinical questions posted to the GPDU group (n=204). 
N (%) 
Total clinical questions 204 
Background Questions 30 (15%) 
Foreground Questions 174 (85%) 
Reaction to each question 
Comments (number of comments per question; median [IQR]) 15 [7-28] 
Answers (number of answers per question; median [IQR]) 7 [4-14] 
Short answers (% of all answers per question) 42% 
With an explanation (% of all answers per question) 51% 
Referred to published resources (% of all answers per question) 6% 
Referred to a systematic review (number of answers of all answers) 3 
Overall, most asked questions (165; 81%) concerned around 14 (30%) of the 42 identified 
question types: 87 (43%) about treatment followed by 59 (29%) diagnosis. The most 
frequently asked question types were: (i) 34 (17%) questions about the efficacy or the 
indication of a treatment (e.g. Does procedure/treatment x work for condition y?); (ii) 28 
(14%) questions about the management (i.e. diagnostic or therapeutic) of a condition or 
finding (e.g. How should I manage condition/finding/situation y?); (iii) 23 (11%) questions 
about the cause or the interpretation of unspecified multiple findings (e.g. What does this 
patient have given these findings?). Table 2 lists the 10 most frequently asked clinical question 
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23  
The clinical question topics were fairly distributed across all the clinical topics reflecting the 
range of patients seen by GPs. However, over half of all included clinical questions (n=118; 
58%) concerned five major clinical topics. The five most frequently addressed topics were skin 
(n=47; 23%, 11 about skin neoplasm/lesion and 9 were related to a ‘rash’), mental health 
(n=20; 10%), cardiovascular (n=19; 9%), women’s health (n=17; 8%), and musculoskeletal 
(n=15; 7%). Table 6.3 shows the distribution of clinical questions across the clinical topics.  
Table 6.3. The distribution of clinical questions across clinical topics per ICPC-2 classification system.  
The 204 included questions elicited 4065 comments, with a mean of 20 (SD 19) comments 
per included question (i.e. this refers to all comments that were posted as a reply to a clinical 
question; whether they provide an answer or not). GPDU members commented and provided 
answers for all 204 included questions. On average, 10 (SD 9) of the 20 (SD 19) comments 
were answers to the posted question; the remaining comments did not answer the clinical 
question originated in the post. On average, 42% (SD 27%) of these answers were short 
answers; 51% (SD 27%) were answers which provided an explanation or justification to the 
answer; and 6% (SD 11%) referred to published relevant evidence resource. Only three 
answers referred to evidence derived from systematic reviews (Table 6.1).     
Clinical Topic No (%) 
Skin 47 (23%) 
Psychological 20 (9.8%) 
Cardiovascular 19 (9.3%) 
Female Genital 17 (8.3%) 
Musculoskeletal 15 (7.4%) 
Neurological 14 (6.9%) 
Digestive 13 (6.4%) 
Pregnancy, Childbearing, Family Planning 12 (5.9%) 
Endocrine/Metabolic and Nutritional 12 (5.9%) 
General and Unspecified 10 (4.9%) 
Respiratory 6 (2.9%) 
Blood, Blood Forming Organs and Immune Mechanism 5 (2.5%) 
Eye 4 (2%) 
Urological 3 (1.5%) 
Male Genital 3 (1.5%) 
Social Problems 2 (1%) 
Ear 1 (0.5%) 
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Figure 6.1 shows that engagement of GPDU members in asking and answering clinical 
questions per day and time. The engagement is peaked in the mornings (9am) and on 
Thursdays, with a decline in the activity in late afternoon (4-5pm) and on weekends.  
Figure 6.1. The activity of GPDU members in posting clinical questions (solid line) and comments 
(dashed line) per time (panel A) and day (panel B).  
6.5 Discussion 
In this study of GPs’ use of social media networks to answer their clinical questions – GPs 
posted approximately 10 questions per day. The majority of questions asked were about 
treatment and diagnosis and more than half of all included clinical questions were about a 
small number of clinical topics.  
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Our results regarding the question types are consistent with the results of a systematic review 
of 11 studies which examined 7012 clinical questions raised by clinicians (mostly GPs) at the 
point of care and found that the majority of clinical questions concerned treatment (34%) and 
diagnosis (24%) - with 30% of the question types accounting  for 80% of the questions 
asked[5]. Similar, treatment and diagnosis were the most frequently observed types of clinical 
questions by Allan et al (observed 38 GPs during 420 consultations)14 and Green et al 
(interviewed 64 residents after 401 consultations)15.  
Despite the wide spectrum of clinical presentations seen by GPs in practice, we found that 
most of the clinical questions asked about a handful of clinical topics. This is consistent with 
frequencies in previous studies of the most frequently asked clinical questions’ topics14,16, and 
most commonly managed conditions in general practice settings11. For instance, Bjerre et al 
analysed 1871 questions asked by 88 Canadian GPs and found that musculoskeletal, skin, and 
cardiac were among the five most frequently asked question topics17. 
In this sample of GPs evidence-based resources (e.g. systematic reviews) were infrequently 
used to support answers to the posted clinical questions. This aligns with the findings of a 
systematic review of 19 studies that described information seeking behaviour of clinicians and 
found that evidence-based resources were rarely used by clinicians as a primary source of 
information to guide their decisions18,19. 
A limitation of this study is that we focused on questions that GPs pursued, articulated, and 
posted a clinical question to find an answer (i.e. known unknowns), but we likely missed their 
unpursued recognised questions as well as their unrecognised questions (i.e. unknown 
unknowns). Direct observation studies and post-consultation interviews may better capture 
the information needs of clinicians at point of care (i.e. less susceptible to memory bias), 
although these methods might generate superfluous questions from clinicians because they 
are being observed or interviewed7,16. Nor would they be useful in investigating the role of 
social media networks in addressing clinical questions asked by clinicians. Another limitation 
is that screening and coding of the posts were performed by one author, and three authors 
independently coded data from only a random sample of 5% of posts. Further, we analysed 
questions posted in a single restricted Facebook group by GPs who thought to be active social 
media users (504 GPs out of 5800 GPDU members), therefore, our findings may not be 
generalised to GPs who do not actively use social media or use other social media platform, 
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or do not use social media at all. We also did not verify the validity of provided answers or the 
evidence used to support these answers. Thus, answers that referred to sources of evidence 
might not be accurate or correct and answers that did not cite a source of evidence might be 
evidence-based answers or correct (i.e. the lack of referral to evidence sources did not 
necessarily mean that these answers are not evidence-based).  
Our findings that the majority of questions asked were about a limited number of questions 
types and topics suggest that questions raised on social media networks may be helpful in 
guiding the development of GP future continuous learning programs (e.g. tailored according 
to identified information needs) and research activities (e.g. by identifying research-practice 
evidence gaps)20. Although professional social media networks might be useful in providing 
evidence-based answers to clinical questions, the quality of the evidence underpinning the 
answers provided in social media should be questioned. Disadvantages of using the social 
media network in answering clinical questions might include: (i) GP members are responsible 
for discerning relevant answers and ascertaining the validity of the answers provided; and (ii) 
the possibility of delivering and perpetuation of unsound answers to a large group of GPs. 
Therefore, methods to enhance active dissemination of question-specific evidence-based 
information (such as by Facebook group administrators or evidence champions) are 
warranted21. 
6.6 Conclusions 
In this sample of Australian and New Zealand GPs, who were members of a GP social media 
group, the majority of clinical questions asked were about a limited number of questions 
types and topics which may help inform the development of GP future continuous learning 
programs and research activities. The validity of the evidence underpinning the answers 
provided for clinical questions asked in social media needs to be considered.  
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Preamble 
As shown in Chapter 4, EBP educational interventions were mainly focused on teaching 
detailed critical appraisal skills. The time and skills involved in the detailed critical appraisal 
renders it infeasible for clinicians to conduct for the evidentiary basis of their practice. In 
Chapter 5, we called for a contemporary approach to teaching EBP, in which the focus is 
on providing clinicians with the skills to interpret pre-appraised evidence and apply its 
findings to patients by using shared decision making.  
This study presented in this chapter was developed based on the findings of the previous 
chapters in this thesis: (i) an international consensus on EBP core competencies (Chapter 
5); (ii) an analysis of the type and topic of the most frequently asked clinical questions by 
general practitioners in social media (Chapter 6); and (iii) a systematic review of the 
educational interventions used in 85 EBP educational studies (Chapter 3 and 4) 
This chapter contains an article entitled “Development of a contemporary evidence-based 
practice workshop for health professionals with a focus on pre-appraised evidence and 
shared decision making: a before-after pilot study”, published online on BMJ Evidence-
Based Medicine. It develops and pilots a new contemporary approach to teaching EBP, 
which commences with SDM and uses pre-appraised evidence 
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7.1 Abstract 
Shared decision making (SDM) has emerged as a key skill to assist clinicians in applying 
evidence-based practice (EBP). We aimed to develop and pilot a new approach to teaching 
EBP, which focuses on teaching knowledge and skills about SDM and pre-appraised 
evidence. We designed a half-day workshop, informed by an international consensus on 
EBP core competencies, and invited practicing clinicians to participate. Skills in SDM and 
communicating evidence were assessed by audio-recording consultations between 
clinicians and standardised patients (immediately pre- and post-workshop). These were 
rated by two independent assessors using the OPTION (Observing Patient Involvement, 0-
100 points) and ACEPP (Assessing Communication about Evidence and Patient 
Preferences, 0-5 points) tools. Participants also completed a feedback questionnaire (9 
Likert scale questions, 4 open-ended questions). Fourteen clinicians participated. Skills in 
SDM and communicating research evidence improved from pre- to post- workshop (mean 
increase in OPTION score = 5.5, 95% CI 1.0 to 9.9; increase in ACEPP = 0.5, 95% CI, 0.02 to 
1.06). Participant feedback was positive, with most indicating ‘agree’ or ‘strongly agree’ to 
the questions. A contemporary approach to teaching clinicians EBP, with a focus on SDM 
and pre-appraised evidence, was feasible, perceived as useful, and showed modest 
improvements in skills. Results should be interpreted cautiously because of the small study 
size and pre-post design.  
7.2 Background 
Shared decision making (SDM) provides a process for incorporating research evidence, 
along with the patient’s values, preferences, and circumstances, into the patient-clinician 
discussions about a health decision1,2. Despite the growing attention of the importance of 
SDM to quality patient care3, there is generally low levels of SDM use in clinical practice4. 
A Cochrane review of interventions for increasing the uptake of SDM found that training 
clinicians in SDM can improve the use of SDM in practice5. However, evidence about how 
best to teach SDM is scarce6,7. Many existing SDM training interventions are disease-
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specific8-12 and few have evaluated general SDM training13-15. The integration of SDM 
training within evidence-based practice (EBP) training to capitalize on closely aligning the 
approaches has been advocated2,16. Only one study has evaluated this approach, however, 
it was conducted in the context of a semester-long university subject on EBP, rather than 
with busy clinicians15. 
EBP is the integration of the best available research evidence with clinical expertise and 
patient’s values and preferences (i.e. personal concerns, expectations, cultural influences 
and individual characteristics during the clinical encounter)17,18. Over the last decade, EBP 
has been mostly taught according to the traditional approach following the 5 EBP steps 
addressed in order: asking clinical questions, searching for evidence, critically appraising 
the evidence, applying to the individual patient, and evaluating the process19. However, 
the focus of EBM teaching is commonly on detailed critical appraisal skills often to the 
exclusion of other steps (i.e. the application of evidence using SDM skills in particular) 
which has been criticised2,20-22. There are calls for a shift from the more traditional 
approach of EBP education (in which it is expected that clinicians need to be fully 
competent in all 5 EBP steps, including the detailed critical appraisal of research evidence) 
to a contemporary approach, in which the focus is on providing clinicians with the skills to 
critically interpret synthesised or pre-appraised evidence and apply its findings to patients 
by using shared decision making2,23-25. 
Pre-appraised evidence (i.e. evidence-based sources that are vetted by experts and 
updated regularly to accommodate the newest evidence) represents one partial solution 
to help busy clinicians by providing timely condensed updated summaries of research 
evidence26-28. Resources for pre-appraised evidence vary in their degree of quality and 
accuracy. Some resources are BMJ Best Practice and Rapid Recommendation, UpToDate, 
and other trustworthy evidence-based guidelines. For instance, an international 
multicentre study of 248 clinicians (working primarily in general internal medicine or family 
medicine in 10 different countries) suggested that strategies to increase clinicians' 
competencies in EBP, to better understand or interpret pre-appraised evidence, are still 
needed29.  This study aimed to assess the feasibility and clinicians’ acceptability of a new 
approach to teaching EBP, which focusses on SDM and uses pre-appraised evidence. We 
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A single-arm before and after pilot study of an educational module.  
Study population, recruitment, and eligibility 
We initially intended to recruit general practitioners (GPs) working within primary 
healthcare but recruitment difficulties led us to extended to other health professionals. To 
be included, participants had to be a registered and practicing clinician working in any 
Australian state or territory. We advertised for this workshop using social media (Twitter 
accounts with combined > 5000 followers; GP Down Under Facebook group with > 6000 
GPs), and by sending targeted email invitations to clinicians working at the local university 
hospital (Gold Coast University Hospital, Queensland, Australia).   
Intervention  
We developed the EBP workshop based on:  
(i) an international consensus on core competencies in EBP23: workshop content was 
informed by a previously developed international consensus list of the most essential core 
competencies in EBP that should be covered in EBP training programs. For example, we 
integrated the teaching of SDM skills as a core element in EBP training and focussed on 
pre-appraised evidence and the interpretation of GRADE framework (The Grading of 
Recommendations Assessment, Development and Evaluation) – which are also on the 
consensus list23.  
(ii) an analysis of the type and topic of the most frequently asked clinical questions by 
general practitioners in social media30: We used information from a previous analysis of 
the most frequently asked clinical questions on a very popular Facebook group (GP Down 
Under; >6000 members), in which we identified the most common presenting conditions 
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(i.e. clinical topics such as skin, mental health) and most common type of clinical questions 
(e.g. treatment or diagnostic) posted. We used information regarding the type (e.g. 
treatment, prognosis, diagnosis) and topic (e.g. depression, acute otitis media, 
cardiovascular risk disease prevention) of the most frequently posted clinical questions, to 
hone the clinical scenarios and practical exercises of our EBP workshop. For example, the 
decision to focus on a treatment scenario and evidence about knee osteoarthritis/pain was 
based on the analysis of these clinical questions30.   
We developed this workshop with a focus on integrating SDM training and EBP training 
through providing video demonstration (to model the skills) followed by teaching how to 
interpret and communicate research evidence and decision aids. Table 7.1 contains a the 
detailed description of the intervention using the Template for Intervention Description 
and Replication (TIDier)31 and the guideline for reporting evidence-based practice 
educational interventions and teaching (GREET)32. Workshop materials are presented in 
Supplementary materials 7.1 and 7.2. The EBP training program evaluated in this study is 
envisioned as the first of a series of modules and that future modules would address 
different types of evidence (e.g. diagnosis, prognosis).  
Procedure 
At registration, participants were provided with their workshop workbook (Supplement 
7.1). Before the workshop teaching commenced, participants completed a role-play 
consultation (as a GP) with a standardised patient. Participants were provided with a brief 
summary of the patient scenario, an extract from relevant pre-appraised evidence (as part 
of a decision aid) and instructions about the task (Supplement 7.2). Participants were given 
approximately 8 minutes to do the consultation. Two experienced professional 
standardised patients were trained to play the patient role in the scenario. They were 
provided with detailed information about the case scenario (e.g. presenting complaint, 
clinical history, and family history). The same procedure was followed after the workshop 
for the post-workshop consultation with a different, but comparable (in terms of number 
of options to be discussed) clinical scenario to minimise the impact of repetition on 
observed outcomes. All consultations were audio-recorded.  
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Table 7.1.  Description of the EBP workshop intervention, using TIDieR items31.  
TIDieR Items Description 
1. Brief Name Evidence-based practice workshop for clinicians, with a focus on shared decision 
making and using pre-appraised research evidence  
2. Why There is a growing interest in contemporary EBP training (i.e. aim for clinicians 
to be competent in the critical interpretation of pre-appraised evidence and 
applying its findings in practice using shared decision making) instead of the 
more traditional approach of EBP education (i.e. ‘evidence-based clinicians need 
to clinicians need to be fully competent in all the 5 EBP steps including detailed 
critical appraisal of research evidence).  
3. What 
(Materials) 
Materials provided to participants: Each participant was provided with a 
workshop workbook which includes the workshop program, interactive 
activities (including a brief summary of the patient scenario that would be 
worked through in the workshop, extracts from the selected guideline and 
articles, suggested readings (e.g. types of clinical questions, and a summary of 
study designs and level of evidence), critical appraisal sheets, and a glossary of 
frequently used epidemiological terms. The workbook can be found in 
Supplement 1.  
Materials used in the workshop delivery: We delivered a 10-min presentation 
on ‘Evidence Based Practice and Shared Decision Making’ (using a PowerPoint 
presentation available on request). Participants watched two 7-min pre-
recorded videos on ‘Interpretation of research evidence’ and ‘Interpretation of 
levels of evidence and strength of recommendations’ (these were also provided 
to participants after the workshop on request). Website links for these videos 
are available on request. Participants also watched a pre-recorded modelled 
role-play consultation demonstrating one example of what SDM might ‘look like’ 
in clinical practice (available at: https://vimeo.com/273322988).  
Materials used in training standardised patients: Standardised patients 
received a summary of the patient scenario (including details of the chief 
complaints, and relevant medical, family, and social history), and suggested 
opening statements and questions/treatment options to be discussed. This can 
be found in Supplement 2.  
4. What 
(Procedures) 
(1) Clinical Scenario considering the benefits and harms of knee arthroscopy 
[Small-group exercise]: We started the workshop by presenting a clinical 
scenario of a patient presenting to a GP with knee osteoarthritis and requesting 
arthroscopic surgery 
(2) BMJ Rapid Recommendations Clinical Practice Guideline [Small-group 
exercise]: Participants were presented with a relevant BMJ Rapid 
Recommendation Guideline (i.e. a trusted reliable source of pre-appraised 
evidence – this was selected as it contained all the data needed to build 
interactive exercises and is publicly available). 
(3) Evidence Based Practice and Shared Decision Making [10 min presentation]: 
Participants were briefly introduced to evidence based practice and shared 
decision making, including the principles of risk communication. 
(4) Applicability of Research Evidence [Small-group exercise]: Participants 
completed a relevant practical exercise to teach these competencies. 
(5) Interpretation of research evidence [Pre-recorded video]: Participants 
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TIDieR Items Description 
(including the interpretation of measure of association and effect, statistical 
significance versus clinical importance, and measures of uncertainty). 
(6) Interpretation of research evidence [Small-group exercise]: Participants 
worked through several small group exercises to consolidate these 
competencies using examples from the pre-appraised evidence. 
(7) SDM role-play [Pre-recorded modelled role-play]: Participants watched a 
video of a patient-doctor consultation showing an example of what shared 
decision making might look like in clinical practice 
(8) SDM role-play [Small-group exercise role-play]: Participants completed a 
small group practical exercise to practice using shared decision making skills in 
a role-play patient-doctor consultation (one participant role-played a general 
practitioner, a trained standardised patient role-played a patient with knee 
osteoarthritis, and other -group members provided feedback). 
(9) Interpretation of levels of evidence and strength of recommendations [Pre-
recorded video]: Participants watched a 7-minute video explaining the GRADE 
framework (The Grading of Recommendations Assessment, Development and 
Evaluation), different levels of quality of evidence (e.g. low, high) and strength 
of recommendations (e.g. strong, moderate), and its relevance to clinical 
decision-making. 
(10) Critical appraisal of a randomised controlled trial [Small-group exercise]: 
Participants applied these skills to critically appraise one of the primary 
randomised studies included in the pre-appraised evidence. 
(11) Interpretation of a forest plot [Small-group exercise]: Participants 
completed practical exercises about interpreting a forest plot. 
5. Who 
provides 
This workshop was developed and delivered by three professors with extensive 
experience in teaching EBP and shared decision making (PG; CDM; TH), and a 
medical doctor undertaking doctoral research in EBP teaching (LA). 
6. How It was a face-to-face workshop which involved 2 small-groups (7 participants and 
a facilitator in each).    
7. Where The workshop was delivered in a seminar room at Bond University on the Gold 
Coast, Australia. The room was equipped with required audio-visual facilities.  
8. When and 
How much 
The workshop was delivered on one occasion and lasted for an afternoon (5 
hours; 12:00-17:00, which included time for lunch, afternoon tea and data 
collection for research purposes). See Supplement 1 for detailed workshop 
schedule.  
9. Tailoring All participants received the same workbook materials, attended the same 
lecture and pre-recorded videos, and participated in the small-group discussion. 
Questions from participants were answered and additional explanation 
provided as needed.  
10. Modifications No modifications were made during the delivery of the workshop, although at 
the end of it, some participants requested that the pre-recorded video 
presentations be provided to them (this was then done).  
11. How well 
(Planned) 
Adherence to the timing schedule was maintained by one of the authors (LA).  
12. How well 
(Actual) 
No fidelity measures were used. 
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Outcome measures and data collection 
Participant feedback about the workshop: At the end of the workshop, participants 
completed a feedback questionnaire on demographics (age, gender, health discipline, job 
role/position, any previous EBP training, and years of clinical experience) and workshop 
acceptability using 9 statements (see items in Figure 7.1), each rated using a 5-point Likert-
scale (from strongly disagree = 1 to strongly agree = 5). In addition, there were 4 open-
ended questions (the most beneficial aspect/s, least useful aspects, suggestions for 
improvement, and a proposed list of actions they intended to do in their practice).  
 
 
Figure 7.1. The results of the feedback evaluation questionnaire (n=14)  
SDM and evidence communication skills. We measured SDM skills by rating the 
consultations between participants and standardised patients (as described above) using 
the revised Observing Patient Involvement (OPTION) scale and Assessing Communication 
about Evidence and Patient Preferences (ACEPP) Tool. The OPTION scale has 
demonstrated good validity (i.e. construct and content validity) and reliability (i.e. inter-
rater reliability and internal consistency). It consists of 12 items scored with a 5-point scale 
(the behaviour was not observed = 0; a minimal attempt is made to exhibit the behaviour 
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= 3; and the behaviour is executed to a high standard = 4)33,34.  ACEPP tool has 
demonstrated good reliability (i.e. inter- and intra-rater reliability and internal consistency) 
in rating clinicians’ ability to communicate the benefits and harms of a treatment. It 
consists of 5 items scored with a 3-point scale (i.e. the behaviour was not observed = 0; 
observed to a basic level = 0.5; and observed to an extended level = 1)15,35. All audio-
recordings were rated independently by two assessors (LA, MB). Disagreements were 
resolved by discussion and by involving a third assessor (TH) when needed. We also 
measured the duration of each consultation (in minutes) to explore whether applying SDM 
skills increases length of consultation.  
Data analysis and ethics approval 
Descriptive statistics were calculated for the demographic characteristics and pre- and 
post-workshop outcome measures. A two-sided paired t-distribution was used to calculate 
the 95% confidence intervals of the mean differences between the pre- and post-
workshop OPTION and ACEPP scores. As this is a pilot study, a formal sample size 
calculation was not conducted. As part of the study advertising, clinicians were informed 
that the workshop was free to attend, but that it was being conducted as part of a study 
and attendance would require completion of pre- and post-outcome measures. Clinicians 
provided written consent to participate on the day of the workshop. Ethics approval for 




A total of 14 clinicians participated in the workshop. All 14 completed the questionnaire 
and 13 provided consent to record their participation in the role-play consultations.  
Table 7.2 presents participants’ background characteristics. Most participants (n=10) were 
18 to 44 years old; 9 were female; 6 were medical doctors; and 10 worked in hospitals. All 
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Table 7.2. Characteristics of workshop participants (N=14) 
Characteristics n (%) 
Age   
18-29 years 4 (29) 
30-44 years 6 (43) 
45-59 years 4 (29) 
Female 9 (64) 
Discipline   
Medical 6 (43) 
Pharmacy 7 (50)  
Nursing 1 (7) 
Workplace setting   
Primary care 4 (29) 
Hospital 10 (71) 
Role1  
Clinical 14 (100) 
Teaching  4 (29) 
Research  2 (14) 
Previous EBP workshop 7 (50) 
Clinical experience – median (IQR) years 7 (3.6-18.3) 
 
Abbreviations: EBP: evidence-based practice; IQR: interquartile range 
1 Participants could choose more than 1 option 
 
Participant feedback  
The feedback of participants about the workshop was largely positive (see Figure 7.1). All 
participants agreed or strongly agreed that the workshop has addressed their intended 
learning objectives; the teaching and learning methods were appropriate; the small group 
sessions were useful and interactive; and the workshop has enhanced the participant’s 
confidence and skills in practising EBP. The majority of participants expressed that the 
workshop was relevant to clinical practice (n=12); that workshop resources were 
appropriate (n=12); and that the time allocated for each session was adequate (n=10).  
Over half of the participants agreed that the workshop duration and pace were 
appropriate (n=9) and the workshop objectives were clear (n=8). Participants reported that 
‘small group teaching’ and ‘the use of the same clinical scenario to guide the teaching of 
all intended learning outcomes’ were the most beneficial aspects of the workshop. 
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that the workshop encouraged them to critically read journal articles relevant to their 
practice, carefully interpret and explain the evidence to patients, and apply SDM principles 
(including the search for decision aids for other commonly encountered conditions) in 
practice.  
Audio-recorded role-play consultations  
Table 7.3 shows the mean (SD) before and after the workshop scores for OPTION and 
ACEPP measures and the mean change score, for the total scores and each item. The mean 
pre-workshop OPTION score was 32 (SD=9.9; range 13 to 46) out of 100 possible points 
and the post-workshop mean score was 38 (SD=8.1; range 25 to 54 points), with a mean 
difference of 5.5 (95% CI 1 to 9.9). The pre-workshop mean ACEPP score was 2.8 (SD=1.1; 
range 0.5 to 4) out of 5 possible points and the post-workshop mean score was 3.4 (SD=0.7; 








CHAPTER 7: EBP and SDM teaching 
Table 7.3. Mean scores of OPTION and ACEPP pre- and post-workshop, and change scores (n=13). 
Outcome measures 
 
Pre Post Pre-Post (change score) 
Mean (SD) Mean (SD) Mean (SD) Mean (95% CI) 
OPTION scale1 – total score 32.2 (9.9) 37.7 (8.1) 5.5 (12) 5.5 (1.0 to 9.9) 
Item 1: Draws attention to a problem that requires a decision making2 2.7 (0.9) 2.2 (1.1) -0.46 (1.1) -0.46 (-0.89 to -0.03) 
Item 2: States that there is more than one way to deal with the problem2 1.7 (1.1) 1.6 (1) -0.08 (1.4) -0.08 (-0.63 to 0.48) 
Item 3: Assesses patient’s preferred approach to receiving information2 0.77 (0.6) 1.2 (0.6) 0.46 (0.9) 0.46 (0.12 to 0.8) 
Item 4: Lists available options – can include the ‘no option’2 1.9 (1) 2 (1) 0.15 (1.5) 0.15 (-0.41 to 0.72) 
Item 5: Explains pros and cons of each option2 2.5 (0.9) 3.7 (0.5) 1.2 (1) 1.2 (0.77 to 1.5) 
Item 6: Explores patient’s expectations about managing the problem2 1.2 (0.4) 1.4 (0.5) 0.15 (0.7) 0.15 (-0.11 to 0.42) 
Item 7: Explores patient’s concerns/fears about managing the problem2 1 (0.4) 0.77 (0.6) -0.23 (0.7) -0.23 (-0.51 to 0.05) 
Item 8: Checks the patient understanding of presented information2 0.62 (0.9) 0.38 (0.8) -0.23 (1.1) -0.23 (-0.65 to 0.19) 
Item 9: Offers the patient explicit opportunities to ask questions2 1.2 (0.4) 1.1 (0.5) -0.08 (0.5) -0.08 (-0.27 to 0.11) 
Item 10: Elicits patient’s preferred level of decision making involvement2 0.77 (0.4) 0.77 (0.6) 0 (0.6) 0 (-0.22 to 0.22) 
Item 11: Indicates the need for decision making/deferring stage2 1.2 (0.8) 1.6 (0.9) -0.08 (1) -0.08 (-0.48 to 0.32) 
Item 12: Indicates the need to review the decision2 0.38 (0.5) 1.3 (1.5) 0.92 (1.6) 0.92 (0.33 to 1.52) 
ACEPP tool3  - total score 2.8 (1.1) 3.4 (0.7) 0.54 (1.3) 0.54 (0.02 to 1.06) 
Describes the benefits of the treatment in terms of patient outcomes4 0.69 (0.3) 0.96 (0.1) 0.27 (0.3) 0.27 (0.14 to 0.4) 
Describes the harms of the treatment in terms of patient outcomes4 0.85 (0.3) 0.81 (0.3) -0.04 (0.4) -0.04 (-0.18 to 0.11) 
Discusses the probability or likelihood of benefit or harm either in words or numbers4 0.77 (0.4) 0.96 (0.1) 0.19 (0.5) 0.19 (0.01 to 0.38) 
Tailors the individualised information the patient been provided4 0.15 (0.2) 0.23 (0.3) 0.08 (0.3) 0.08 (-0.06 to 0.21) 
Mentions the source of research evidence4 0.35 (0.2) 0.38 (0.3) 0.04 (0.5) 0.04 (-0.14 to 0.22) 
1Observing Patient Involvement Scale: score transformed to 0-100, with higher scores indicating a higher skill level 
2score range 0 to 4, with higher scores indicating higher skill level 
3Assessing Communication About Evidence and Patient Preferences: score range 0 to 5, with higher scores indicating higher skill level 
4score range 0 to 1, with higher scores indicating higher skill level 
OPTION scale items: (1) The clinician draws attention to a problem needing a decision-making process.; (2) The clinician states that there is more than 1 way to deal with an identified 
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if feasible; (5) The clinician explains the pros and cons of options to the patient (taking “no action” is an option); (6) The clinician explores the patient’s expectations (or ideas) about how the 
problem/s are to be managed; (7) The clinician explores the patient’s concerns/fears about how problem/s are to be managed; (8) The clinician checks that the patient has understood the 
information; (9) The clinician provides opportunities for the patient to ask questions; (10) The clinician specifically asks for the patient’s preferred level of involvement in decision making; (11) 
The clinician indicates the need for a decision making (or deferring) stage; (12) Arrangements are made to review the decision (or the deferment).  
ACEPP tool items: (1) The clinician describes the benefits of the treatment in terms of patient outcomes; (2) The clinician describes the harms of the treatment in terms of patient; (3) Has the 
probability or likelihood of benefit or harm been discussed either in Words or Numbers; (4) Has individualised information, tailored to the patient been provided?; (5) Has the source of 
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7.5 Discussion 
In this study, we developed and piloted a half-day EBP workshop for clinicians, with a focus 
on teaching how to interpret pre-appraised evidence and incorporate it into discussions with 
patients as part of shared decision making. Feedback from participants after the workshop 
was very positive, with special emphasis on the usefulness of small-group sessions. There was 
a small increase in clinicians’ skills in SDM and communicating evidence with patients from 
before to after the workshop.     
Strengths and limitations  
This pilot study has several weaknesses. A major limitation is the small sample size and that 
clinicians volunteered to participate in the study, which may have resulted in a non-
representative sample with the possibility that less motivated clinicians with little interest in 
EBP might not find this workshop as useful. The improvement in SDM and communicating 
evidence skills might be attributed to the learning curve for the standardised patient 
consultation (repeated encounter with a standardised patient consultation rather than the 
workshop), however, we used different patient scenarios for the pre- and post-consultations 
to minimise this potential impact. The clinical scenarios that we used in the EBP workshop 
(both in workshop activities and the role-plays) were GP-focused. Although not all the 
participants were GPs, the chosen scenarios (e.g. ear pain, knee pain) were able to be 
understood by any health professionals. Limitations also include the lack of follow up period 
and the use of a before-after single-arm study design. This limits confidence in the findings 
and generalisability of the results.  
Strengths of the study include measuring skill rather than just self-reported knowledge, the 
use of previously developed validated outcome measures to evaluate skills, and rating of 
consultations by two raters independently. Although the workshop was not limited to GPs as 
originally intended, we observed that the resultant interprofessional mixture of participants 
promoted interdisciplinary learning which have been shown to promote interprofessional 
collaboration and teamwork and enhance the development of interdisciplinary practice and 
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Comparison with other studies 
Despite the repetitive calls to integrate SDM training into EBP training2,16, a recent systematic 
review of the interventions used in 85 EBP training trials found that the majority of EBP 
training interventions focused on detailed critical appraisal of individual studies, often to the 
exclusion of the interpretation and implementation of research evidence (i.e. SDM)21. Only 
one randomised trial has evaluated SDM as a component of EBP training curriculum for 
student clinicians and found it effective in improving student clinicians’ skills in SDM (adjusted 
difference in OPTION score = 18.9, 95% CI 12.4 to 25.4) and communicating research evidence 
(adjusted difference in ACEPP = 0.9, 95% CI, 0.5 to 1.3)15. A review of 148 SDM training 
programs found that despite the encouraging increase interest in the development of SDM 
training programs, only few training programs were rigorously evaluated6. A scoping review 
of 12 studies (only 1 randomised controlled trial15) evaluating SDM training in undergraduate 
medical training found that no evidence to indicate which training methods (e.g. duration, 
format, and clinical contest) were most effective37. Similar, a recently updated Cochrane 
review of 87 studies evaluated interventions for increasing the use of SDM by clinicians 
showed that despite the increasing number of SDM interventions being evaluated, the 
certainty of the evidence of the effectiveness of SDM interventions is low or very low – which 
precluded any firm conclusions5. Similar to our findings, 6 of included studies (in the same 
Cochrane review) that have assessed interventions targeting clinicians showed a slight 
improvement in the observed SDM skills among clinicians (standardised mean difference; 
0.70, 95% CI, 0.21 to 1.19)5. In 2005, Slawson and Shaughnessy indicated that critical appraisal 
skills are necessary but not sufficient alone for EBP22. Information management skills is critical 
to allow clinicians incorporating the best evidence into the real world of busy clinical 
practice22.    
Implications on practice and research 
The presented study evaluated an EBP workshop which focused on two main needs of a 
contemporary EBP training program - the interpretation of synthesised pre-appraised 
research evidence (rather than appraising primary studies) and how to incorporate it into 
conversations with patients as part of SDM. The international consensus on the core 
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competencies in EBP for health professionals has stressed the importance of clinicians having 
skills in SDM and critical interpretation and implementation of evidence from pre-appraised 
resources, rather than insisting upon detailed critical appraisal of individual studies38. This is 
considered a more realistic and pragmatic way to incorporate evidence into timely decisions 
in busy daily clinical practice and to facilitate patient-centred care through SDM23. 
Implementing research evidence into practice involves major behaviour changes both at 
individual and system levels. A theory-led overview of 67 systematic reviews on the 
effectiveness of interventions in changing clinicians’ behaviour found that educational 
interventions tend to be more effective when combined with other reinforcing interventions 
(e.g. action such as reminders, and audit and feedback)39. Therefore, we suggest that this type 
of EBP workshop may be most appropriate as part of a larger implementation strategy to 
enhance the use of research evidence in practice, since training is necessary but not sufficient 
alone for behaviour change.  
Future EBP and SDM educational research should consider replicating our findings using 
larger sample size and various clinical scenarios (not just GP-focused). We also suggesting the 
use of mixed method approach to provide a thorough understanding of the results. We also 
propose a modular approach, with each module focussing on a clinical question type (e.g. 
intervention or diagnosis). Some of these modules might be more relevant to some disciplines 
than others.  
7.6 Conclusions 
We found that a half-day EBP workshop which focusses on teaching SDM skills and pre-
appraised research evidence is feasible and useful for busy clinicians with a modest impact in 
skills. However, the interpretation and generalisability of study findings is limited because of 
the small size and design of this study.  A larger controlled trial is warranted to evaluate the 
effectiveness of such an approach and to measure change in behaviour over a longer-term.    
7.7 Declarations 
Acknowledgements 





CHAPTER 7: EBP and SDM teaching 
Funding 
L. Albarqouni is supported by an Australian Government Research Training Program 
Scholarship. The funders had no role in the design and conduct of the study, data collection, 
and analysis or in article preparation and approval. 
Availability of data and materials 
The datasets used and/or analysed during the current study are available from the 
corresponding author on reasonable request. 
Authors’ contributions 
LA, TH, and PG conceived the research idea. All authors contributed to the design of the study. 
LA drafted the original manuscript. All authors contributed to the revision of the paper and 
approved the final manuscript for submission. 
Ethics approval and consent to participate 
The study was approved by Bond University Human Research Ethics Committee (LA03307).  
Competing interests 







CHAPTER 7: EBP and SDM teaching 
7.8 References 
1. Hoffmann TC, Legare F, Simmons MB, et al. Shared decision making: what do clinicians need to 
know and why should they bother? Med J Aust. 2014;201(1):35-39. 
2. Hoffmann TC, Montori VM, Del Mar C. The connection between evidence-based medicine and 
shared decision making. JAMA. 2014;312(13):1295-1296. 
3. Oshima Lee E, Emanuel EJ. Shared decision making to improve care and reduce costs. N Engl J 
Med. 2013;368(1):6-8. 
4. Brenner AT, Malo TL, Margolis M, et al. Evaluating Shared Decision Making for Lung Cancer 
Screening. JAMA Intern Med. 2018;178(10):1311-1316. 
5. Legare F, Adekpedjou R, Stacey D, et al. Interventions for increasing the use of shared decision 
making by healthcare professionals. Cochrane Database Syst Rev. 2018;7:CD006732. 
6. Diouf NT, Menear M, Robitaille H, Painchaud Guerard G, Legare F. Training health professionals 
in shared decision making: Update of an international environmental scan. Patient Educ Couns. 
2016;99(11):1753-1758. 
7. Berkhof M, van Rijssen HJ, Schellart AJ, Anema JR, van der Beek AJ. Effective training strategies 
for teaching communication skills to physicians: an overview of systematic reviews. Patient 
Educ Couns. 2011;84(2):152-162. 
8. Loh A, Simon D, Wills CE, Kriston L, Niebling W, Harter M. The effects of a shared decision-
making intervention in primary care of depression: a cluster-randomized controlled trial. 
Patient Educ Couns. 2007;67(3):324-332. 
9. Henselmans I, Smets EMA, de Haes J, Dijkgraaf MGW, de Vos FY, van Laarhoven HWM. A 
randomized controlled trial of a skills training for oncologists and a communication aid for 
patients to stimulate shared decision making about palliative systemic treatment (CHOICE): 
study protocol. BMC Cancer. 2018;18(1):55. 
10. Hamann J, Holzhuter F, Stecher L, Heres S. Shared decision making PLUS - a cluster-randomized 
trial with inpatients suffering from schizophrenia (SDM-PLUS). BMC Psychiatry. 2017;17(1):78. 
11. Legare F, Guerrier M, Nadeau C, Rheaume C, Turcotte S, Labrecque M. Impact of DECISION + 2 
on patient and physician assessment of shared decision making implementation in the context 
of antibiotics use for acute respiratory infections. Implement Sci. 2013;8:144. 
12. Tinsel I, Buchholz A, Vach W, et al. Shared decision-making in antihypertensive therapy: a 
cluster randomised controlled trial. BMC Fam Pract. 2013;14:135. 
13. Geiger F, Liethmann K, Reitz D, Galalae R, Kasper J. Efficacy of the doktormitSDM training 
module in supporting shared decision making - Results from a multicenter double-blind 





CHAPTER 7: EBP and SDM teaching 
14. Sanders AR, Bensing JM, Essed MA, Magnee T, de Wit NJ, Verhaak PF. Does training general 
practitioners result in more shared decision making during consultations? Patient Educ Couns. 
2017;100(3):563-574. 
15. Hoffmann TC, Bennett S, Tomsett C, Del Mar C. Brief training of student clinicians in shared 
decision making: a single-blind randomized controlled trial. J Gen Intern Med. 2014;29(6):844-
849. 
16. Spatz ES, Krumholz HM, Moulton BW. Prime Time for Shared Decision Making. JAMA. 
2017;317(13):1309-1310. 
17. Haynes RB, Devereaux PJ, Guyatt GH. Clinical expertise in the era of evidence-based medicine 
and patient choice. ACP J Club. 2002;136(2):A11-14. 
18. Straus S, Glasziou P, Richardson WS, Haynes B. Evidence-Based Medicine : How to Practice and 
Teach It. 2010. 
19. Dawes M, Summerskill W, Glasziou P, et al. Sicily statement on evidence-based practice. BMC 
Med Educ. 2005;5(1):1. 
20. Meats E, Heneghan C, Crilly M, Glasziou P. Evidence-based medicine teaching in UK medical 
schools. Med Teach. 2009;31(4):332-337. 
21. Albarqouni L, Hoffmann T, Glasziou P. Evidence-based practice educational intervention studies: 
a systematic review of what is taught and how it is measured. BMC Med Educ. 2018;18(1):177. 
22. Slawson DC, Shaughnessy AF. Teaching evidence-based medicine: should we be teaching 
information management instead? Acad Med. 2005;80(7):685-689. 
23. Albarqouni L, Hoffmann T, Straus S, et al. Core Competencies in Evidence-Based Practice for 
Health Professionals: Consensus Statement Based on a Systematic Review and Delphi Survey. 
Publication In Progress. 2018. 
24. Guyatt GH, Meade MO, Jaeschke RZ, Cook DJ, Haynes RB. Practitioners of evidence based care. 
Not all clinicians need to appraise evidence from scratch but all need some skills. BMJ. 
2000;320(7240):954-955. 
25. Straus SE, Green ML, Bell DS, et al. Evaluating the teaching of evidence based medicine: 
conceptual framework. BMJ. 2004;329(7473):1029-1032. 
26. Pluye P, Grad RM, Johnson-Lafleur J, et al. Number needed to benefit from information (NNBI): 
proposal from a mixed methods research study with practicing family physicians. Ann Fam Med. 
2013;11(6):559-567. 
27. Hoogendam A, Stalenhoef AF, Robbe PF, Overbeke AJ. Answers to questions posed during daily 




CHAPTER 7: EBP and SDM teaching 
28. Sayyah Ensan L, Faghankhani M, Javanbakht A, Ahmadi SF, Baradaran HR. To compare PubMed 
Clinical Queries and UpToDate in teaching information mastery to clinical residents: a crossover 
randomized controlled trial. PLoS One. 2011;6(8):e23487. 
29. Neumann I, Alonso-Coello P, Vandvik PO, et al. Do clinicians want recommendations? A 
multicenter study comparing evidence summaries with and without GRADE recommendations. 
J Clin Epidemiol. 2018;99:33-40. 
30. Albarqouni L, Hoffmann T, McLean K, Price P, Glasziou P. Role of professional networks on 
social media in addressing clinical questions at general practice: a cross-sectional study of 
general practitioners in Australia and New Zealand. 2019. 
31. Hoffmann TC, Glasziou PP, Boutron I, et al. Better reporting of interventions: template for 
intervention description and replication (TIDieR) checklist and guide. BMJ. 2014;348:g1687. 
32. Phillips AC, Lewis LK, McEvoy MP, et al. Development and validation of the guideline for 
reporting evidence-based practice educational interventions and teaching (GREET). BMC Med 
Educ. 2016;16(1):237. 
33. Elwyn G, Hutchings H, Edwards A, et al. The OPTION scale: measuring the extent that clinicians 
involve patients in decision-making tasks. Health Expect. 2005;8(1):34-42. 
34. Elwyn G, Edwards A, Wensing M, Hood K, Atwell C, Grol R. Shared decision making: developing 
the OPTION scale for measuring patient involvement. Qual Saf Health Care. 2003;12(2):93-99. 
35. Shepherd HL, Barratt A, Trevena LJ, et al. Three questions that patients can ask to improve the 
quality of information physicians give about treatment options: a cross-over trial. Patient Educ 
Couns. 2011;84(3):379-385. 
36. Hammick M, Freeth D, Koppel I, Reeves S, Barr H. A best evidence systematic review of 
interprofessional education: BEME Guide no. 9. Med Teach. 2007;29(8):735-751. 
37. Durand MA, DiMilia PR, Song J, Yen RW, Barr PJ. Shared decision making embedded in the 
undergraduate medical curriculum: A scoping review. PLoS One. 2018;13(11):e0207012. 
38. Albarqouni L, Hoffmann T, Straus S, et al. Core Competencies in Evidence-Based Practice for 
Health Professionals: Consensus Statement Based on a Systematic Review and Delphi Survey. 
JAMA Netw Open. 2018;1(2):e180281. 
39. Johnson MJ, May CR. Promoting professional behaviour change in healthcare: what 






CHAPTER 7: Supplementary materials 
.  Supplementary materials 7 
Published with article presented in Chapter 7 
260 
CHAPTER 7: Supplementary materials 
Supplementary material 7.1  
Workbook provided for the participants in the EBP Workshop as presented in Chapter 7. 
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Supplementary material 7.2 
Materials used in training standardised patients in the EBP Workshop as presented in 
Chapter 7. 
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When one teaches … two learn  
Asking the right questions takes as much skill as 
giving the right answers. 










CHAPTER 8: Overall Discussion 
 
The overall aim of this thesis was to facilitate improved translation of EBP educational 
interventions into clinical practice.  This thesis explored two main research issues: (i) the 
quality of the current published EBP educational interventions; and (ii) efforts to improve 
the quality and the uptake of EBP education in practice.   
The five studies presented in the preceding chapters of this thesis (Chapters 3 - 7) 
examined these two main research issues via the focused research questions presented in 
Chapter 1 and each makes important and unique contributions to improve the quality of 
EBP education. By presenting and integrating these key research studies, the whole thesis 
collectively provides a novel contribution which advances the field of EBP education, 
supports the harmonisation of quality EBP educational interventions for clinicians, and 
identifies area for improvement and future research directions in the field of EBP 
education.   
This thesis focussed on EBP education, which is just one of numerous barriers to evidence 
translation (previously described in Chapter 2 such as clinician-related, system-related, 
patient-related, and research-related barriers), on the assumption that more effective EBP 
education may assist in improving the translation of evidence into practice.     
8.1 Discussion of the main findings 
Challenges in the research evidence evaluating EBP education  
The earlier studies (studies 1 and 2 reported in Chapters 3 and 4) in this thesis investigated 
challenges in the existing research on EBP educational interventions which might impede 
the translation of that evidence into the practice of EBP education for clinicians. Studies 1 
and 2 were based on a systematic review of controlled trials that evaluated EBP 
educational interventions to examine the completeness of reporting of EBP educational 
intervention details (Chapter 3), the EBP topics covered, and outcomes measures used 
(Chapter 4). These studies found that the incomplete reporting of EBP educational 
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to measure the effect of EBP educational interventions are major challenges for translating 
research evidence about EBP education into practice.  
The first study (Chapter 3) found numerous deficiencies in the reporting of EBP educational 
interventions, with none of the included studies completely reporting all of the essential 
intervention details that are required for their replication and/or implementation. 
Unfortunately, the reporting of EBP educational interventions remained incomplete for 
the majority of studies, even after study authors were contacted and asked to provide 
missing information.  
‘Intervention materials’ was the most poorly reported item. Details were provided in the 
original publication in only 4% of the studies, which increased to 25% after contacting the 
study authors. Although missing information could be obtained by contacting study 
authors, this is time-consuming and usually impractical for those want to use the 
intervention. Without adequate reporting of essential details, EBP educational 
interventions are hard to understand, cannot be replicated and implemented, and reliable 
conclusions cannot be drawn regarding the effectiveness of these interventions (as shown 
in Chapter 2). This issue is not unique to EBP educational interventions, an analysis of the 
reporting of non-pharmacological interventions in a sample of randomised trials found 
inadequate reporting of intervention details in more than half of included trials – with 
‘intervention materials’ was the most frequently missing item1.   
The second study (Chapter 4) examined the differences in the EBP content covered and 
outcome measures used in evaluating EBP educational interventions. It found that the 
majority of EBP educational interventions focus on critically appraising evidence (EBP step 
3), often to the exclusion of other steps (i.e. EBP step 4: apply). There are increasing calls 
to shift the focus of EBP education from the detailed critical appraisal of primary studies 
to teaching student clinicians and clinicians how to apply findings from trusted pre-
appraised evidence, and practice collaboration with individual patients through shared 
decision making2 (which have also shaped the last study in this thesis – reported in Chapter 
8). Furthermore, the systematic review reported in Chapter 4 found that over half of EBP 
educational studies did not use a high-quality instrument (i.e. supported by established 
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validity) to measure their outcomes of interest – which might impede accurately 
measuring the impact of EBP education. To harmonise the content of EBP educational 
interventions, and with possibly future flow-on effect to the measured outcomes, an 
international consensus statement of EBP core competencies for clinicians was developed 
as part of this thesis3 (reported in Chapter 5).  
Variations in evidence-based practice training programs and the need for 
core competencies  
The third study (reported in Chapter 5) followed a rigorous process (which involved 
integrating evidence from a systematic review, conducting a modified Delphi survey, 
holding a consensus meeting, and receiving external feedback from EBP experts) to 
develop an international consensus statement of 68 core competencies that should be 
taught in EBP educational programs for clinicians. This consensus set of core competencies 
will contribute to harmonising the variations in EBP educational programs. These 
challenges were highlighted in Chapter 3 and 4 and include the variation in the content, 
outcomes measures, and instruments used in EBP educational interventions. A major 
strength of this study is the contemporary and dynamic nature of this set of EBP core 
competencies. For example, competencies relevant to SDM and the interpretation of 
recommendations developed using the GRADE approach are not typically taught in EBP 
curricula, but are increasingly considered essential, and hence included in the set of core 
competencies.   
Clinicians’ evidence-based practice learning needs: the role of social media 
networks 
The analysis reported in Chapter 6 attempted to understand clinicians’ use of social media 
networks to address clinical questions generated from patient care by characterising 
clinicans’ needs (i.e. clinical questions asked) and use (i.e. answers to clinical questions) of 
research evidince. A key finding is that the majority of clinical questions asked were about 
the treatment and diagnosis of a handful number of clinical topics. Identifying the 
clinician’s information/evidence needs (i.e. types and topics of most frequently asked 




CHAPTER 8: Overall Discussion 
intervention that was presented in Chapter 7. Evidence-based resources, such as 
systematic reviews and evidence-based guidelines, were found to be infrequently used to 
support answers to the asked clinical questions. This represents an opportunity for EBP 
champions to disseminate relevant and practical evidence-based information for clinicians 
at point of care.   
Shared decision making focused on pre-appraised evidence: an 
opportunity for training busy clinicians in evidence-based practice 
The findings from the before-after pilot study (reported in Chapter 7) indicate that a half-
day EBP workshop with a focus on teaching SDM skills and the interpretation of pre-
appraised research evidence is feasible and acceptable for busy clinicians. A small increase 
in clinicians’ skills in SDM and communicating evidence with patients from before to after 
the workshop was observed.  
The time, efforts, and skills involved in searching for research evidence and critically 
appraising it renders the traditional EBP process infeasible for many clinical decisions. This, 
along with the increased availability of trustworthy pre-appraised evidence resources that 
can be available at the point of care, led to calls to refocus EBP education approaches to 
the critical interpretation and application of the results that are presented in pre-appraised 
sources4,5. For instance, key skills that clinicians need are to be able to assess the 
trustworthiness of pre-appraised evidence, interpret the wording used in guidelines 
recommendations (e.g. strength of recommendations and quality of evidence), and 
communicate the options of  trade-off of the benefits and harms to patients in a  shared 
decision making process. 
8.2 Strengths and limitations of this thesis 
Each individual study in this thesis has key strengths and limitations which have been 
previously discussed in each corresponding chapter. A summary of the key strengths and 
limitations is presented in Table 8.1. 
The broad and inclusive nature of data collection processes (e.g. systematic searching of 
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repeatedly highlighted as strengths across individual studies. Consequently, a key strength 
of this thesis is providing a broad and comprehensive picture of the current state of 
evidence for the challenges and future directions in EBP education. Furthermore, the use 
of rigorous multiple study methodologies to address the thesis’s main research questions 
(including a systematic review of literature, modified Delphi study, cross-sectional analysis, 
and interventional before-after study) and the use of standardised reporting guidelines to 
adequately report the findings of each study (e.g. PRISMA checklist, TIDieR checklist) help 
this thesis to make a valuable contribution to the current body of evidence in the field of 
EBP education.   
A major limitation to the systematic review presented in Chapter 3 and 4 is the risk that 
relevant articles might not be detected by using citation analysis as a search strategy. 
However, the accuracy rate of citation analysis has been found to be acceptable6,7. Another 
shortcoming to the analysis of GPs’ clinical questions presented in Chapter 6 is that the 
analysis was limited to questions posted in a single restricted Facebook group by GPs who 
thought to be active social media users, therefore, our findings may not be generalised to 
GPs who do not actively use social media or use other social media platform, or do not use 
social media at all. Finally, the findings observed in the before-after EBP study (presented 
in Chapter 7) are likely to be confounded by other factors (discussed in Table 8.1), which 
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Table 8.1. A summary of key strengths and limitations of the individual studies that are presented in this thesis. 



















 Inclusive eligibility criteria. 
 The use of internationally recognised checklist (TIDieR 
checklist) to assess the quality of reporting of 
intervention details.  
 Contacting study authors requesting missing 
information. 
 The use of citation analysis as a search strategy, instead of the traditional 
search methods. 























  Inclusive eligibility criteria. 
 Contacting study authors requesting missing 
information. 
 The use of citation analysis as a search strategy, instead of the traditional 
search methods. 
 Screening and data extraction were performed by one author. 
 The assessment of the psychometrics properties of EBP instruments was 

















  The systematic review and Delphi survey approach to 
achieving international consensus. 
 Delphi participants were selected to represent a diverse 
range of health professions and expertise. 
 Delphi participants may not adequately represent the full spectrum of 
























 The use of a very active social media network – “GPs 
Down Under” with >5800 GP members who generate 
>50 posts per day. 
 Three authors independently coded data from a random 
sample of 5% of posts. 
 GPs’ unpursued recognised clinical questions as well as their 
unrecognised questions (i.e. unknown unknowns) were not captured. 
 Screening and coding of the posts were performed by one author. 
 Analysis of questions posted to a single restricted Facebook group. No 
analysis of other social media platforms or groups.  
 The validity of provided answers or the evidence used to support these 
answers was not verified. 
 The motivations behind asking the questions (e.g. are these the most 
important questions or the most convenient for group thinking?) could 



























 Measurement of observed skills rather than just self-
reported knowledge. 
 The use of previously developed validated outcome 
measures. 
 Two raters independently rated the audio-recorded 
consultations.  
 The resultant interprofessional mixture of participants. 
 The use of a before-after single-arm study design. 
 The small sample size.  
 The lack of a follow-up period. 
 Non-representative sample, as clinicians volunteered to participate in the 
study. 
 The clinical scenarios used in the EBP workshop were GP-focussed and 
not all participants were GPs.  
 The possible effect of learning due to the repeated encounter with a 
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8.3 Implications, Recommendations, and Future Research  
The key implications and recommendations arising from this thesis have been derived from 
issues raised in one or more of the studies in this thesis. These are discussed in detail below.  
Recommendations based on the findings of this thesis to improve EBP 
education and close the potential evidence-practice gap 
 
 
In Chapter 3, it was shown that the majority of EBP educational studies do not adequately 
report the required essential information to allow for their implementation, replication, or 
even interpretation of this body of research evidence. Though neither unique to the EBP 
education field or to a specific study methodology, these findings were worse than other 
studies (e.g. Hoffmann et al found that complete descriptions of interventions can be 
obtained in 59% of included studies compared to 20% shown in Chapter 3)1,8. Incomplete 
reporting of research is a major problem that contributes to the overall waste in health 
research9. The EQUATOR network (Enhancing the QUAlity and Transparency Of health 
research, http://www.equator-network.org/) was established to improve the quality of 
reporting of health research. Several reporting guidelines have been developed and endorsed 
to help improve the reporting standards across fields and study designs, such as the CONSORT 
(Consolidated Standards of Reporting Trials) and TIDieR (Template for Intervention 
Description and Replication) statements. Although these efforts have resulted in a modest 
improvement in the quality of reporting of health research10, the overall quality of reporting 
remains below an acceptable level. Further, most of these reporting guidelines might not be 
useful to guide the reporting of other elements that might affect the observed outcomes of 
R1. The reporting of EBP educational interventions needs to be improved at the level 
of individual studies, systematic reviews, and curricular documents. The observed 
inadequate reporting of EBP educational interventions contributes to the waste in 
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these interventions (e.g. the dynamic between the teacher and the students during the 
teaching sessions).   
The level of inadequate reporting of EBP educational intervention that was observed, even in 
the most recent studies, suggests that efforts to improve the reporting quality of EBP 
educational interventions are needed. Efforts involving study authors, journal editors, and 
reviewers are required. Authors of studies that report on the evaluation of EBP educational 
interventions should be encouraged by funders and journals to adhere to reporting checklists 
relevant to intervention details in general (i.e. TIDieR11 checklist) and EBP education in 
particular (i.e. the recently developed  GREET - the Guideline for Reporting Evidence-based 
practice Educational interventions and Teaching - checklist12).  Journals should endorse the 
use of reporting guidelines, and more importantly, they should implement measures to 
ensure high adherence. For instance, journals should incorporate these reporting guidelines 
into their instruction to authors and reviewers, and explicitly indicate the requirement to 
adhere to these guidelines as a prerequisite for handling a manuscript. Adherence to these 
reporting guidelines will allow for standardised and detailed descriptions of all necessary 
details about the intervention and the study13. Efforts of improving the reporting of research 
interventions should be aligned with endorsing good standards in designing, conducting, and 
analysing research studies.  
 
 
This thesis has found that ‘Intervention materials’ was the most poorly reported item in EBP 
educational interventions, which was partially remediable by contacting study authors 
requesting for intervention materials. The availability and accessibility of intervention 
materials is an important prerequisite for widespread use by EBP educators and researchers. 
Therefore, the development of a repository or a library of freely-available learning resources 
is recommended to enhance the availability of materials relevant to EBP. In 2018, the teaching 
EBHC website (www.teachingebhc.org) was established to provide global sharing platform of 
materials for teaching EBP, with an emphasis on those that have reliable evidence of 
R2. Establish a repository of freely-available learning resources intended to help 
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effectiveness. Findings from this thesis (Chapter 6), related to the development of EBP core 
competencies, were used to guide the inclusion and classification of EBP resources in the 
webiste14. The International Society of Evidence-Based Healthcare (ISEHC) has endorsed and 
hosted the EBHC teaching website. Such an initiative to collaborate globally on enhancing the 
accessibility of free-available high-quality EBP resources should be supported by the EBP 
community. EBP educators are encouraged to contribute their teaching materials (e.g. 
presentations and workbooks); tips; or resources relevant to EBP education to the EBHC 
teaching website. Barriers to sharing learning resources - including concerns regarding the 
quality of the resources; institutional copyrights; and patient’s confidentiality - need to be 
addressed15,16. The development and the sustainability of an avenue for sharing freely-
available learning resources may help to harmonise and ameliorate the quality of EBP 
education resources available for clinicians. In addition, this repository of freely-available EBP 
learning resources should be helpful to overcome the problem of access restrictions (e.g. 
paywall) and word count limits in journal articles.  
 
This thesis (in Chapter 4) has provided evidence showing the inconsistency in the choice of 
outcome measures and the type of instruments (and the proportion for which there is some 
evidence of their validity) that have been used to evaluate EBP educational interventions in 
published articles. An understanding of the current state of the outcome measures and the 
validity and reliability of EBP instruments is one crucial step toward developing a set of core 
outcome measures (supported by valid and reliable instruments) for EBP education. 
Development of a core set of valid and reliable instruments to measure outcome domains is 
essential to reduce the heterogeneity and facilitate comparing and pooling the effect of EBP 
educational interventions across studies. This is a multistep process which would include: (i) 
identification of instruments that provide accurate, reliable, and timely evaluation of the EBP 
education; (i) mapping these instruments using CREATE framework (as described in Chapter 
2), which proposed guidance for classifying EBP instruments by the assessment domains (e.g. 
R3. Develop a set of core outcome measures for EBP educational interventions that 
represents the minimum outcomes that should be consistently measured in all EBP 
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self-efficacy, knowledge, skills) and types (e.g. self-report, performance assessment) within 
the five EBP steps (Figure 2.3)17; (ii) evaluation of previously developed validated and reliable 
EBP instruments (e.g. the Fresno test, Berlin Questionnaire) across health disciplines, and 
translation of these tools into other languages using standardised methods; and (ii) 
developing and validating new instruments designed specifically to evaluate the identified 
gaps in EBP assessment. 
 
The core competencies (reported in Chapter 5) should provide EBP educators with building 
blocks that are suitable to inform the curricula of an introductory course in EBP for clinicians 
of any level of education and from any discipline. The development of a set of core 
competencies in EBP for clinicians is one of several needed steps for the implementation of 
competency-based EBP education. EBP educators and curriculum developers are encouraged 
to (i) evaluate the content of their current curriculum and map it to core competencies to 
allow for the identification of any gaps in the coverage of essential content; (ii) integrate these 
competencies into curriculum according to local learning needs, time availability, discipline, 
and the previous EBP experience of the learners; and (iii) develop clearly defined assessment 
framework that are mapped to the core competencies (see Recommendation 3). Other 
additional advanced competencies (e.g. in implementation science) can be also addressed, 
depending on the needs and desires of their learners. Educators are encouraged to teach 
these competencies in more than one setting using a number of different scenarios and/or 
articles. This thesis (in Chapter 7) has also provided an example of a teaching workshop, 
developed based on some of these competencies, which commenced with teaching shared 
decision making using an equivocal risk-benefit balance case scenario, followed by teaching 
how to interpret and communicate research evidence presented in pre-appraised resources 
to patients. However, the focus of this EBP workshop was on competencies relevant to 
specific type of evidence (i.e. intervention/treatment). Future teaching sessions addressing 
other competencies relevant to different types of evidence (e.g. diagnosis, prognosis) are 
needed. 
R4. Integrate the set of EBP core competencies into EBP curricula for clinicians of any 
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Unanswered questions for future research 
While the five recommendations presented have emerged from the research in this thesis, 
several unanswered questions were raised in the course of this work but were beyond the 
scope of this thesis.   
 
 
This thesis (in Chapter 7) has shown the feasibility of a contemporary approach to teaching 
EBP, which commences with providing clinicians with the skills to interpret pre-appraised 
evidence and apply its findings to patients using SDM. However, before implementation of 
this approach could be considered, a large well-conducted controlled trial is needed to 
examine its effectiveness on clinicians’ skills in SDM and communicating research evidence 
and on their EBP behaviour in clinical practice. Future trials should consider the following 
suggestions: (i) Interdisciplinary learning: an interdisciplinary learning approach should be 
adopted to foster fruitful interdisciplinary discussions and collaborations, with possible 
impact on teamwork in clinical practice; (ii) Clinical content: various clinical scenarios and 
modules (i.e. with each module focusing on a clinical question type such as diagnosis or 
intervention) should be used; (iii) Follow-up duration: a longer follow-up period is 
recommended to measure change in clinicians’ behaviour over a longer-term, and whether 
changes are sustained; and (iv) Mode of delivery: the effectiveness of different modes of 
delivery (e.g. online/blended vs. face-to-face) could be examined once initial effectiveness is 
established.  
Once the effectiveness of this approach to EBP education has been established, 
implementation strategies using one of the knowledge translation conceptual frameworks 
(such as the most commonly used Knowledge-to-Action framework18 – Figure 8.1) should be 
developed to effectively translate this research evidence into practice. The research in this 
thesis contributed to the ‘knowledge creation’ phase through the extensive systematic review 
Q1. What are the impacts of an evidence-based practice training which focuses on 
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of EBP educational interventions (reported in Chapter 3 and 4) as well as the pilot study 
(Chapter 7). This could be followed by a series of iterative actions which include a detailed 
assessment of the likely barriers and facilitators, executing the implementation of the tailored 
intervention; monitoring knowledge use; outcomes evaluation; and aiming to sustain the 
knowledge use (Figure 8.1).  
 
Figure 8.1. The knowledge to action framework. 
This framework contains two main components: knowledge creation and action cycle. Knowledge creation is represented 
by the central funnel where knowledge is refined from knowledge inquiry (e.g. primary research), to knowledge synthesis 
(e.g. systematic review) and finally to knowledge tools (guidelines and evidence summaries). The action cycle describes the 
seven steps for knowledge translation starting from problem or knowledge gap identification; local adaptation of 
knowledge; barriers and facilitators evaluation; executing the knowledge translation; monitoring the knowledge use; 
outcomes evaluation; and ended with the sustainability of knowledge translation19. 
 
 
As previously discussed in Chapter 4 and Recommendation 3, there is a need to develop valid 
and reliable instruments to specifically evaluate the identified gaps in EBP assessment such 
as measuring the clinicians’ use of EBP in practice and patients’ outcomes. New instruments 
that balance the robustness with feasibility should be investigated and validated – these 
Q2. How can the impact of EBP education on clinicians’ behaviour and patients’ 
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might include instruments such as objective structured clinical examinations20, the use of 
standardised patients within the context of a performance-based examination21, and the use 
of audio-recording in clinics22. Audio-recording of clinical consultations could not only allow 
retrospective assessment of clinical encounters, but can also increase the trust and openness 
of patient-clinician consultations and potentially improve the patient care23. Evaluating the 
impact of EBP education on patients’ outcomes is challenging because (i) the observed effect 
may be confounded by many different unmeasurable factors that are related to the clinical 




This research gap largely arose from the analysis of clinical questions that were posted in a 
large professional social media network (discussed in Chapter 6), in which it was found that 
evidence-based resources, such as systematic reviews, were infrequently used to support the 
validity of health information posted by GPs. However, the quality of the evidence 
underpinning the answers/health information provided was not verified. Future research 
could examine methods to enhance the dissemination of quality evidence-based health 
information/answers provided in professional social media networks. This might include 
investigating the effect of using infographics on evidence translation (e.g. the promotion of 
articles with infographics found to improve the dissemination of research findings among 
clinicians25), and the impact of evidence champions on the successful dissemination of 
evidence-based health information in social media networks (e.g. an organised social media 
strategy, involving evidence champions such as journal’s editorial board, increased the level 
of engagement with content published in a peer-reviewed journal26).     
8.4 Conclusions  
This thesis has evaluated the quality of the current research evidence on EBP education, the 
clinicians’ use and need for evidence, a consensus for an EBP curriculum, and explored 
Q3. What is the quality of evidence underpinning health information that is 
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potential solutions to improve the uptake of quality EBP education in practice. The findings 
of this thesis identified key gaps in the literature as well as contributed to shaping the growing 
evidence on EBP education. Through a systematic review, this thesis discovered that most 
studies which evaluated EBP educational interventions had inadequately reported 
intervention details, did not comprehensively teach all EBP steps, and did not use high-quality 
instruments to measure the outcomes. Using a rigorous multistage modified Delphi survey, 
research in this thesis led to the development of a consensus-based contemporary set of EBP 
core competencies for clinicians. Three research studies were collectively used to develop 
and test a contemporary EBP teaching workshop which had a focus on SDM and the use of 
pre-appraised evidence, and was found to be feasible and potentially effective in improving 
clinicians’ skills in SDM and communicating research evidence.  
Although many challenges and gaps still remain, collective efforts in the research conducted 
as part of this thesis offer important recommendations that may facilitate the delivery of 
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JO 1BUJFOUT &YQFSJFODJOH "DVUF .ZPDBSEJBM *OGBSDUJPO
 ,03" 	$PPQFSBUJWF )FBMUI 3FTFBSDI JO UIF
"VHTCVSH 3FHJPO
 TUVEJFT
 5FBDIJOH"TTJTUBOU &QJEFNJPMPHZ %FQBSUNFOU 'BDVMUZ PG .FEJDJOF -VEXJH.BYJNJMJBO 6OJ
WFSTJUZ PG .VOJDI (FSNBOZ
	$BTVBM BQQPJOUNFOU
 5VUPS B POFXFFL JOUFOTJWF DPVSTF PG $MJOJDBM &QJEFNJPMPHZ GPS QPTUHSBEVBUF
TUVEFOUT VOEFS UIF TVQFSWJTJPO PG 1SPG "MCFSU )PGNBO
 (SBEVBUF 5FBDIJOH 'FMMPX 'BDVMUZ PG .FEJDJOF (B[B 1BMFTUJOF
	'VMMUJNF BQQPJOUNFOU
 5VUPSJOH DMJOJDBM BOE SFTFBSDI TLJMMT GPS mOBM ZFBS NFEJDBM TUVEFOUT
 +VOJPS %PDUPS "M4IJGB )PTQJUBM (B[B 1BMFTUJOF
	1BSUUJNF
 8PSLJOH JO UIF TVSHJDBM BOE FNFSHFODZ EFQBSUNFOU BU UIF MBSHFTU IPTQJUBM JO 1BMFTUJOF
  CFET 3FTQPOTJCJMJUJFT JODMVEFE VOEFSUBLJOH QBUJFOU DPOTVMUBUJPOT BOE QIZTJDBM FYBNJOBUJPOT
QFSGPSNJOH TVSHJDBM QSPDFEVSFT
 *OUFSO %PDUPS "M4IJGB )PTQJUBM (B[B 1BMFTUJOF
	'VMMUJNF BQQPJOUNFOU
 $MJOJDBM SPUBUJPOT JO 1BFEJBUSJDT 0CTUFUSJDT  (ZOBFDPMPHZ &NFSHFODZ
1SJNBSZ $BSF *OUFSOBM .FEJDJOF BOE 4VSHFSZ
 3FTFBSDI *OUFSO $PDISBOF8PVOET (SPVQ 6OJWFSTJUZ PG :PSL :PSL 6,
	7PMVOUFFS
 8PSL PO B TZTUFNBUJD SFWJFX JOWFTUJHBUJOH UIF JOUFSWFOUJPOT GPS USFBUJOH QIPTQIPSVT CVSOT
 &MFDUJWF .FEJDBM 4UVEFOU 1BFEJBUSJDT %FQBSUNFOU /)4 :PSL )PTQJUBMT :PSL 6,
	7PMVOUFFS
 " UXPNPOUI FMFDUJWF SPUBUJPO JO UIF 1BFEJBUSJDT EFQBSUNFOU BU /)4 :PSL )PTQJUBM
"XBSET BOE 1SJ[FT
  5IF "VTUSBMJBO BOE /FX ;FBMBOE "TTPDJBUJPO GPS )FBMUI 1SPGFTTJPOBM &EVDBUPST
1PTU(SBEVBUF 4UVEFOU "XBSE JO )FBMUI 1SPGFTTJPOBM &EVDBUJPO GPS UIF CFTU IJHIFS EF
HSFF SFTFBSDI QSPKFDU TVCNJUUFE UP UIF $POGFSFODF
 %""% 4IPSU 5FSN 3FTFBSDI (SBOU UP DPOEVDU TIPSU UFSN SFTFBSDI WJTJU UP )FMNIPMU[ ;FO
USVN .VOJDI 	WBMVFT NPSF UIBO  "6%

 &NFSHJOH 7PJDFT GPS (MPCBM )FBMUI 4DIPMBSTIJQ UP QBSUJDJQBUF JO BO JOUFOTJWF USBJOJOH
QSPHSBN JO -JWFSQPPM 	WBMVFT NPSF UIBO  "6%

  "VTUSBMJBO &QJEFNJPMPHJDBM "TTPDJBUJPO 	"&"
 4UVEFOU $POGFSFODF "XBSE GPS UIF
CFTU BCTUSBDUT TVCNJUUFE UP UIF "&" "OOVBM $POGFSFODF
 "VTUSBMJBO(PWFSONFOU3FTFBSDI5SBJOJOH1SPHSBN4DIPMBSTIJQ UP VOEFSUBLF BEPDUPSBM
SFTFBSDI RVBMJmDBUJPO JO "VTUSBMJB 	WBMVFT NPSF UIBO  "6%

 %""% 1PTUHSBEVBUF 4DIPMBSTIJQ UP VOEFSUBLF B QPTUHSBEVBUF NBTUFS RVBMJmDBUJPO JO
(FSNBOZ 	WBMVFT NPSF UIBO  "6%
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 #FTU 0SBM 1SFTFOUBUJPO BNPOH QPTUHSBEVBUF FQJEFNJPMPHZ TUVEFOUT BU &QJ4MBN -VEXJH
.BYJNJMJBO 6OJWFSTJUZ
 5PQ "DIJFWFS BOE &YDFMMFODF "XBSE JO UIF 'BDVMUZ PG .FEJDJOF 1BMFTUJOF
 *OUFSOBUJPOBM 4UVEFOU 1SJ[F 5SBVNB $POGFSFODF  *NQFSJBM $PMMFHF -POEPO 6,
 1SFTJEFOUJBM VOEFSHSBEVBUF TDIPMBSTIJQ BOE %JTUJODUJPO "XBSE UP VOEFSUBLF BO VOEFS
HSBEVBUF EFHSFF JO .FEJDJOF
8PSLTIPQT BOE $POGFSFODFT
 &WJEFODF -JWF  0YGPSE 6OJWFSTJUZ 0YGPSE 6,
 (SBOUT 5FOEFST BOE 1SPQPTBM 8SJUJOH XPSLTIPQ 5IF (SBOU&E (SPVQ #POE 6OJWFSTJUZ
"VTUSBMJB
 &26"503 1VCMJDBUJPO 4DIPPM $FOUSF GPS 3FTFBSDI JO &WJEFODF #BTFE 1SBDUJDF 	$3&#1

#POE 6OJWFSTJUZ "VTUSBMJB
 'PVOEBUJPOT PG 6OJWFSTJUZ -FBSOJOH BOE 5FBDIJOH -FBSOJOH BOE 5FBDIJOH 0öDF #POE
6OJWFSTJUZ "VTUSBMJB
 (3"%&$&32VBM "O JOUSPEVDUJPO GPS RVBMJUBUJWF FWJEFODF TZOUIFTJT $PDISBOF
-FBSOJOH BOE 4VQQPSU 8FCJOBS
 3P#  " SFWJTFE UPPM UP BTTFTT SJTL PG CJBT JO SBOEPNJ[FE USJBMT $PDISBOF -FBSOJOH
BOE 4VQQPSU 8FCJOBS
 &YUSBDUJOH EBUB GSPN mHVSFT VTJOH TPGUXBSF $PDISBOF -FBSOJOH BOE 4VQQPSU 8FCJOBS
 &WJEFODF #BTFE 1SBDUJDF 8PSLTIPQ $FOUSF GPS 3FTFBSDI JO &WJEFODF #BTFE 1SBDUJDF
	$3&#1
 #POE 6OJWFSTJUZ "VTUSBMJB
 4ZTUFNBUJD 3FWJFX 8PSLTIPQ $FOUSF GPS 3FTFBSDI JO &WJEFODF #BTFE 1SBDUJDF 	$3&#1

#POE 6OJWFSTJUZ "VTUSBMJB
 &MTFWJFS 1VCMJTIJOH $BNQVT IPTUFE CZ 5IF $FMM BOE 5IF -BODFU -VEXJH .BYJNJMJBO 6OJ
WFSTJUZ PG .VOJDI .VOJDI (FSNBOZ
 1SPKFDU .BOBHFNFOU 'VOEBNFOUBMT GPS (SBEVBUF 4UVEFOUT (FSNBO 3FTFBSDI $FOUFS
GPS )FBMUI )FMNIPMU[ ;FOUSVN .VOJDI (FSNBOZ
 )PX UPQVCMJTI JO B QFFSSFWJFXFE KPVSOBMT CZ%S (VOUIFS 5SFTT JO UIF (FSNBO 3FTFBSDI
$FOUFS GPS )FBMUI )FMNIPMU[ ;FOUSVN .VOJDI (FSNBOZ
 (MPCBM.FOUBM )FBMUI 4ZNQPTJVN .FOUBM )FBMUI JO EFWFMPQJOH DPVOUSJFT -.6$FOUFS
GPS *OUFSOBUJPOBM )FBMUI .VOJDI (FSNBOZ
 /PO$PNNVOJDBCMF %JTFBTFT JO %FWFMPQJOH $PVOUSJFT -.6 $FOUFS GPS *OUFSOBUJPOBM
)FBMUI .VOJDI (FSNBOZ
 5SBJOJOH UIF 5SBJOFST %FWFMPQJOH 5FBDIJOH 4LJMMT EBZ XPSLTIPQ CZ %S &[[FEJO (PVUB
3PZBM $PMMFHF PG 1BFEJBUSJDT BOE $IJME )FBMUI 	3$1$)

 4UBUJTUJDT GPS $MJOJDBM 5SJBMT :PSL 5SJBM 6OJU 6OJWFSTJUZ PG :PSL 6,
 %FTJHO BOE $POEVDU PG $MJOJDBM 5SJBMT :PSL 5SJBM 6OJU 6OJWFSTJUZ PG :PSL 6,
 %FWFMPQJOH B 1SPUPDPM GPS B 3FWJFX $PDISBOF 8PVOET (SPVQ 6OJWFSTJUZ PG :PSL 6,




 $PSF $PNQFUFODJFT JO &WJEFODF #BTFE 1SBDUJDF 'PS )FBMUI 1SPGFTTJPOBMT 0SBM 1SFTFO
UBUJPO BU UIF "VTUSBMJBO BOE /FX ;FBMBOE "TTPDJBUJPO GPS )FBMUI 1SPGFTTJPOBM &EVDBUPST
$POGFSFODF )PCBSU 5BTNBOJB "VTUSBMJB
 4NPLJOH BOE SFTQJSBUPSZ DPOEJUJPOT (VFTU MFDUVSFS JO "VTUSBMJB )FBMUI *TTVFT BOE 1SJP
SJUJFT *OUFSEJTDJQMJOBSZ DPVSTF 'BDVMUZ PG )FBMUI 4DJFODF BOE .FEJDJOF #POE 6OJWFSTJUZ
(PME $PBTU "VTUSBMJB
 *OEJSFDU FWJEFODF PG SFQPSUJOH CJBT JO NFEJDBM SFTFBSDI B DSPTTTFDUJPOBM TVSWFZ 0SBM
1SFTFOUBUJPO BU UIF SE "VTUSBMJBO &QJEFNJPMPHJDBM "TTPDJBUJPO "OOVBM $POGFSFODF "VT
USBMJBO /BUJPOBM 6OJWFSTJUZ $BOCFSSB "VTUSBMJB
 5IF RVBMJUZ PG SFQPSUT PG NFEJDBM BOE QVCMJD IFBMUI SFTFBSDI GSPN 1BMFTUJOJBO JOTUJUVUJ
POT B TVSWFZ0SBM 1SFTFOUBUJPO BU UI -BODFU 1BMFTUJOJBO )FBMUI "MMJBODF "NNBO +PSEBO
 *OEJSFDU FWJEFODF PG SFQPSUJOH CJBT JO NFEJDBM SFTFBSDI B DSPTTTFDUJPOBM TVSWFZ 0SBM
1SFTFOUBUJPO BU &WJEFODF -JWF  6OJWFSTJUZ PG 0YGPSE 0YGPSE 6,
 1BUJFOU WBMVFT BOE QSFGFSFODFT GPS DBSEJPWBTDVMBS QSFWFOUJWFNFEJDBUJPO B TZTUFNBUJD
SFWJFX0SBM 1SFTFOUBUJPO BU UIF(PME$PBTU )FBMUI BOE.FEJDBM 3FTFBSDI$POGFSFODF (PME
$PBTU "VTUSBMJB
 8IBU HBJO JT XPSUI B EBJMZ QJMM B TZTUFNBUJD SFWJFX0SBM 1SFTFOUBUJPO BU 1SFWFOUJOH 0WFS
EJBHOPTJT $POGFSFODF  /BUJPOBM *OTUJUVUF PG )FBMUI 	/*)
 #FUIFTEB 64
 8IJUF 1IPTQIPSVT #VSOT B 4ZTUFNBUJD 3FWJFX 0SBM 1SFTFOUBUJPO BU 0YGPSE1BMFTUJOJBO
.FEJDBM 8FFL (SFFO 5FNQMFUPO $PMMFHF 0YGPSE 6OJWFSTJUZ 0YGPSE 6,
 "XBSFOFTT BUUJUVEF BOE LOPXMFEHF PG 1BMFTUJOJBO EPDUPST BCPVU &WJEFODFCBTFE.F
EJDJOF 0SBM 1SFTFOUBUJPO BU UIF mGUI -BODFU 1BMFTUJOJBO )FBMUI "MMJBODF "NFSJDBO 6OJWFS
TJUZ #FJSVU 	"6#
 #FJSVU -FCBOPO
 1SFQBSJOH BOE VQEBUJOH B TZTUFNBUJD SFWJFXT .FUIPEPMPHZ BOE 1SPDFTT 0SBM 1SFTFO
UBUJPO BU UIF GPVSUI -BODFU 1BMFTUJOJBO )FBMUI "MMJBODF "NNBO +PSEBO
 8IJUF QIPTQIPSVT CVSO DBTF SFQPSU 1PTUFS 1SFTFOUBUJPO BU *NQFSJBM $PMMFHF -POEPO 6,
1VCMJDBUJPOT
7FSOPPJK 38. -ZUWZO - 1BSEP)FSOBOEF[ ) "MCBSRPVOJ - $BOFMP"ZCBS $ $BNQCFMM , FU
BM 7BMVFT BOE QSFGFSFODFT PG NFO GPS VOEFSHPJOH QSPTUBUFTQFDJmD BOUJHFO TDSFFOJOH
GPS QSPTUBUF DBODFS B TZTUFNBUJD SFWJFX #.+ 0QFO  	
F
8PPE &"MCBSRPVOJ -  5LBDIVL 4 (SFFO $+ "IBNBE , /PMBO 4 FU BM8JMM 5IJT )PTQJUBMJ[FE
1BUJFOU %FWFMPQ 4FWFSF "MDPIPM8JUIESBXBM 4ZOESPNF 5IF 3BUJPOBM $MJOJDBM &YBNJOB
UJPO 4ZTUFNBUJD 3FWJFX +"."  	

"MCBSRPVOJ - )PõNBOO 5 (MBT[JPV 1 &WJEFODFCBTFE QSBDUJDF FEVDBUJPOBM JOUFSWFOUJPO
TUVEJFT " TZTUFNBUJD SFWJFX PG XIBU JT UBVHIU BOE IPX JU JT NFBTVSFE #.$ .FEJDBM
&EVDBUJPO 	

"MCBSRPVOJ - &MFTTJ , "CV3NFJMFI / " DPNQBSJTPO CFUXFFO IFBMUI SFTFBSDI PVUQVU
BOE CVSEFO PG EJTFBTF JO "SBC DPVOUSJFT &WJEFODF GSPN 1BMFTUJOF )FBMUI 3FTFBSDI 1P
MJDZ BOE 4ZTUFNT 	

"MCBSRPVOJ - )PõNBOO 5 4USBVT 4 0MTFO/ :PVOH 5 *MJD % 4IBOFZGFMU 5 # )BZOFT 3 (VZBUU
( (MBT[JPV 1 $PSF $PNQFUFODJFT JO &WJEFODF#BTFE 1SBDUJDF GPS )FBMUI 1SPGFTTJPOBMT





"MZBDPVCJ 4 "CVPXEB : "MCBSRPVOJ - #ÚUUDIFS # &MFTTJ , *OQBUJFOU NBOBHFNFOU PG
DPNNVOJUZBDRVJSFE QOFVNPOJB BU UIF &VSPQFBO(B[B )PTQJUBM " DMJOJDBM BVEJU  -BO
DFU 	4

"MLIBUJC ./ "CE"MHIBGPPS 5 &MNBTTSZ " "MCBSRPVOJ - #ÚUUDIFS # "MGBRBXJ ..BOBHF
NFOU PG BDVUF JTDIBFNJD TUSPLF BU /BTTFS )PTQJUBM (B[B 4USJQ " DMJOJDBM BVEJU  -BODFU
	4

"MCBSRPVOJ - "CV3NFJMFI / &MFTTJ , 0CFJEBMMBI . #KFSUOFTT & $IBMNFST * 5IF RVBMJUZ
PG NFEJDBM BOE QVCMJD IFBMUI SFTFBSDI GSPN 1BMFTUJOJBO JOTUJUVUJPOT " TVSWFZCBTFE
TUVEZ  -BODFU 	4

"MCBSRPVOJ - (MBT[JPV 1 )PõNBOO 5 $PNQMFUFOFTT PG UIF SFQPSUJOH PG FWJEFODFCBTFE
QSBDUJDF FEVDBUJPOBM JOUFSWFOUJPOT " SFWJFX  .FEJDBM &EVDBUJPO 	

$IBMNFST * 0YNBO "% "VTUWPMM%BIMHSFO " 3ZBO7JH 4 1BOOFMM 4 4FXBOLBNCP / FU
BM ,FZ DPODFQUT GPS JOGPSNFE IFBMUI DIPJDFT " GSBNFXPSL GPS IFMQJOH QFPQMF MFBSO
IPX UP BTTFTT USFBUNFOU DMBJNT BOE NBLF JOGPSNFE DIPJDFT &WJEFODF#BTFE .FEJDJ
OF 	

'BOH 9: 4QJFMFS % "MCBSRPVOJ - 3POFM + -BEXJH ,) *NQBDU PG HFOFSBMJ[FE BOYJFUZ EJTPS
EFS 	("%
 PO QSFIPTQJUBM EFMBZ PG BDVUF NZPDBSEJBM JOGBSDUJPO QBUJFOUT 'JOEJOHT GSPN
UIF NVMUJDFOUFS .&%&" TUVEZ  $MJOJDBM 3FTFBSDI JO $BSEJPMPHZ  +BO 
"MTFS 0 5BICPVC ) "M4MBJCJ * "CVPXEB : &MTIBNJ .3 "MCBSRPVOJ - &QJEFNJPMPHZ
PG TVSHJDBM TJUF JOGFDUJPOT BGUFS HBTUSPJOUFTUJOBM TVSHFSZ JO (B[B TUSJQ BOE XFTU CBOL
1BMFTUJOF " NVMUJDFOUSF QSPTQFDUJWF DPIPSU TUVEZ *OUFSOBUJPOBM +PVSOBM PG 4VSHFSZ
	4
4
"MCBSRPVOJ - &MFTTJ , "CV3NFJMFI / 5IF SFMBUJPO CFUXFFO IFBMUI SFTFBSDI PVUQVU BOE
CVSEFO PG EJTFBTF JO 1BMFTUJOF " TZTUFNBUJD SFWJFX -BODFU 	4
4
-BEXJH ,) 'BOH 9 8PMG , )PTDIBS 4 "MCBSRPVOJ - 3POFM + FU BM $PNQBSJTPO PG EF
MBZ UJNFT CFUXFFO 4ZNQUPNPOTFU PG BO BDVUF 45FMFWBUJPONZPDBSEJBM JOGBSDUJPO BOE
IPTQJUBM BSSJWBM JO NFO BOE XPNFO  ZFBST WFSTVT ɋ ZFBST PG BHF 'JOEJOHT GSPN
UIF NVMUJDFOUFS .VOJDI &YBNJOBUJPO PG %FMBZ JO 1BUJFOUT &YQFSJFODJOH "DVUF .ZPDBS
EJBM *OGBSDUJPO 	.&%&"
 TUVEZ "NFSJDBO $PMMFHF PG $BSEJPMPHZ 	

3BUICPOF + "MCBSRPVOJ - #BLIJU . #FMMFS & #ZBNCBTVSFO 0 )PõNBOO 5 FU BM &YQFEJU
JOH DJUBUJPO TDSFFOJOH VTJOH 1*$PCBTFE UJUMFPOMZ TDSFFOJOH GPS JEFOUJGZJOH TUVEJFT JO
TDPQJOH TFBSDIFT BOE SBQJE SFWJFXT 4ZTUFNBUJD 3FWJFXT 	
 
"MCBSRPVOJ - &MFTTJ , "XBSFOFTT BUUJUVEFT BOE LOPXMFEHF BCPVU FWJEFODF CBTFENF
EJDJOF BNPOH EPDUPST JO (B[B " DSPTT TFDUJPOBM TVSWFZ &BTUFSO .FEJUFSSBOFBO )FBMUI
+PVSOBM 	

1SJDF " "MCBSRPVOJ -,JSLQBUSJDL + $MBSLF. -JFX 4. 3PCFSUT /8FU BM 1BUJFOU BOEQVCMJD
JOWPMWFNFOU JO UIF EFTJHO PG DMJOJDBM USJBMT "O PWFSWJFX PG TZTUFNBUJD SFWJFXT  +PVSOBM
PG &WBMVBUJPO JO $MJOJDBM 1SBDUJDF 
;IPV ; "MCBSRPVOJ -#SFTMJO. $VSUJT "+ /FMTPO. 4UBUJOBTTPDJBUFENVTDMF TZNQUPNT
	4".4
 JO QSJNBSZ QSFWFOUJPO GPS DBSEJPWBTDVMBS EJTFBTF JO PMEFS BEVMUT " QSPUPDPM
GPS B TZTUFNBUJD SFWJFX BOE NFUBBOBMZTJT PG SBOEPNJTFE DPOUSPMMFE USJBMT  #.+ 0QFO
	
 F
"MCBSRPVOJ - &MFTTJ , "XBSFOFTT BUUJUVEFT BOE LOPXMFEHF BCPVU FWJEFODF CBTFENF
EJDJOF BNPOH EPDUPST JO (B[B " DSPTT TFDUJPOBM TVSWFZ -BODFU 
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"M#BSRPVOJ / "M,BIMVU . "CFE 4 "MCBSRPVOJ -  "CFE : &õFDU PG UIF  BUUBDL PO
(B[B PO UIF VTF PG NFEJDBM TFSWJDFT JO "M/BTTFS 1FEJBUSJD )PTQJUBM " DPNQBSBUJWF
TUVEZ  -BODFU 
$BTUMF +$ $IBMNFST * "ULJOTPO 1 #BEFOPDI % 0YNBO "% "VTUWPMM%BIMHSFO " FU BM &T
UBCMJTIJOH B MJCSBSZ PG SFTPVSDFT UP IFMQ QFPQMF VOEFSTUBOE LFZ DPODFQUT JO BTTFTTJOH




"MCBSRPVOJ -  "CV3NFJMFI /. &MFTTJ , 0CFJEBMMBI . #KFSUOFTT & $IBMNFST * 5IF RVB
MJUZ PG SFQPSUT PG NFEJDBM BOE QVCMJD IFBMUI SFTFBSDI GSPN 1BMFTUJOJBO JOTUJUVUJPOT "
TZTUFNBUJD SFWJFX  #.+ 0QFO  	
F
'BOH 9 "MCBSRPVOJ - )PTDIBS 4 3POFM + -BEXJH ,) *NQBDU PG BOYJFUZ PO QSFIPTQJUBM
EFMBZ PG BDVUF NZPDBSEJBM JOGBSDUJPO QBUJFOUT 'JOEJOHT GSPN UIF NVMUJDFOUFS .&%&"
4UVEZ  +PVSOBM PG 1TZDIPTPNBUJD 3FTFBSDI 
"MCBSRPVOJ -%PVTU + (MBT[JPV 1 1BUJFOU QSFGFSFODFT GPS DBSEJPWBTDVMBS QSFWFOUJWF NF
EJDBUJPO " TZTUFNBUJD SFWJFX  +PVSOBM PG &WBMVBUJPO JO $MJOJDBM 1SBDUJDF 
"MCBSRPVOJ - ,JSLQBUSJDL + $MBSLF . -JFX 4. 3PCFSUT /8 FU BM 1BUJFOU BOE QVCMJD JO
WPMWFNFOU JO UIF EFTJHO PG DMJOJDBM USJBMT "O PWFSWJFX PG TZTUFNBUJD SFWJFXT  )FBSU
	

'BOH 9: "MCBSRPVOJ - WPO &JTFOIBSU 3PUIF "' )PTDIBS 4 3POFM + -BEXJH ,) *T EFOJ
BM B NBMBEBQUJWF DPQJOH NFDIBOJTN XIJDI QSPMPOHT QSFIPTQJUBM EFMBZ JO QBUJFOUT
XJUI 45TFHNFOU FMFWBUJPONZPDBSEJBM JOGBSDUJPO  ++PVSOBM PG 1TZDIPTPNBUJD 3FTFBSDI
 
"MCBSRPVOJ - 4NFOFT , .FJOFSU[ 5 4DIVOLFSU ) 'BOH 9 3POFM + FU BM 1BUJFOUT LOPX
MFEHF BCPVU TZNQUPNT BOE BEFRVBUF CFIBWJPVS EVSJOH BDVUF NZPDBSEJBM JOGBSDUJPO
BOE JUT JNQBDU PO EFMBZ UJNF 'JOEJOHT GSPN UIF NVMUJDFOUSF .&%&" 4UVEZ  1BUJFOU
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